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This course is for chemists 2nd technicians with httle or no experience 
in inorganic analyses commonly required for the National Pollutant 
Discharge Elimination System (NPDES), the National Interim Primary 
' Drinking Watery Regulations (NIPDWR) and for other water qifality 
programs* Applicants should have one year of college level inorganic 
chemistry and one semester df college level quantitative analysis 
(or equivalent). They should have basic laboratory skills iifcluding 
use of analytical, balances, volumetric gla^pWare and titration 
assemblies'. They should be actively engaged in a water quality * 
control program. 

^ * - i 

After successfully completing the" course*, the student will know the 

genera?, classes of methods listed as approved in the Federal Register 

for analysis of inorganic^pollutants and will be able to use the methods 

to measure r each parameter selected for the course. "He will also » 

know h6w^ to apply, quality assurance techniques to his work andjiow 

to validate his analytical accuracy and precision. 

■ \ ■ 

The training is a five-day course which includes classroom instruction, 
student performance of laboratory procedures* and discussion of %ach 
1 laboratory assignment and'reported results. 

■ " \ . > ' \ 

^he student will perform the test procedures for acidity s^nd alkalinity 

(titrations to pK end points)* hardness (EDTA titration), chlorine 

(amperonfetric back^titration)* total phosphorus (persulfate digestion* 

ascorhio^acid reduction, colorimetry)* fluoride (SPADNS colorimetry 

and ion electrode)* nitrate and nitrite (cadmium reduction*^colorimetry), 

total and suspended solids (gravimetric)* turbidity (nephelometer),. 

fcjid specific conductance (Wheatstone bridge conductivity meter). < \ 

' Other topics are samrfe handling; compliance methodology; accuracy, 

precision and error flJf data; elements of quality assurance programs. 
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SAMPLH HANDLING - FIELD THROUGH LABORATORY 



I PLANNING A SAMPLING PROGRAM 
A Factors tai^onsider: a 

1 lx>c a tinV sampling sites " ' 
* 2 Sampling equipment 

3 Type of sample required 

• a grab" ' A r 

b composite v 

4* Amount of sample required 

, 5 ^Frequency of eoll&qtion 

6 Preservation measures, if any 

B Decisive Criteria *\ 

1 Nature of the sample source 

2 Stability of constituent s) to be measured 

3 Ultimate use of data u 

** 

H REPkESENTATIVE SAMPLES * • , 

If a sample is to provide meaningful and . 
valid data about the parent population, rt 
must be reppesentatiye of the conditions 
*^ejflstingin thdt parent source at the. 
^sampling location. 

A ^The contqjner should be rinsed two or 
three times with.the water to be -collected. 

B Composing Samples * % * 

1 For some sources, a composite of 
samples is made which will represent 

^ ' the average situation tor stalfee 
constituents. * ^ \ 

2 Tfie nature of the constituent to be 
determined may require a aerie's of 
separate samples'. — - v * . 



C The equipment used to collect the sample 
is an important faptorto c'onsid^r. 
AStM* 1 ' has a detailed section on various 
sampl^g devices and techniques. 

'/ ■ 

D Great* care must be exercised when 

collecting samples in sludge or mud areas 
and near benthic deposits. No definite 
procedure can be given, but careful 
effort should be made to obtain a rep- 
* Cesentative sample. , 



III SAMPLE IDENTIFICATION, 

A >£ach sample must be unmistakably 

identified, preferably with a tag or label. * % 
The required information should be planned 
in advance* 

V 

B An information form preprinted on the 
tags o'r labels provides uniformity of 
, saihple records, assists the ^sampler, and § 
, hejps ensure that vital information will 
not be omitted. 

/ 

C Useful Identification information inAydes: 

1 sample identity coile ^ 

2 si|nature of sample^ % 

3 signature of witness 

4 description of sampling location de- 
tailed enough to actonimodate repro- 
ducible sampling. (It may be more 
convenient to record the details in the 
field recoil book). 

. 5 sampling equipment used 

6 date of collection 

7 * time of collection 

8 " type of sample (grab or composite) 

9 water temperature „ 

10 sampling conditions such as weather. 
Water level, flow irate of source, etc. 

11 any preservative additions or techniques 

12 rectfrd of any determinations done in /} 
the field , , 

f 13 type of ^nalyses to be done fn laboratory 
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IV SAMPLE CONTAINERS 



A* Available Materials 



1 glass 

2 plastic 

3 hard rutfbef* 

B Considerations 

1 Nature of .the sample - Organics 

attack polyethylene* ' ^ 
• • 

2. Nature of constituent b) to be determined 

- Cations can adsorb readily on some 
plastics and on certain glassware. 
Metal or aluminum (oil cap liners can 
interfere with "metal analyses. 

3 Preservatives to be used - Mineral 
acids attack some plastics. 

4 Mailing Requirements - Containers 
should be large enough to allow extra 
volume for effects of temperature 
changes during transit. All caps 

• should be securely in plac6. Glass 
containers must be protected against 
breakage. Styrofoam linings are 
useful for protecting glassware. 

C Preliminary Check 

Any question of possible interferences 
> related to the sample container should * 

be resolved before the study begins. A 
, preliminary check should be made using 

corresponding sample materials, con* 
* tainers, preservatives and analysis. 

D Cleaning , " 

If new containers are to be used, pfelim- 
inarjr cleaning is usually not necessary. 

% t 

If the sample containers have been used 
previously, they should be carefully 
. "-cleaned before use. % y 

There are several cleaning methods 
available. Choosing the best method in* 
volves careful consideration of the nature 
of the sample and of the constituent(s) to 
be determined. 1 



1 Phosphate detergents shoul d not be 
used to clean containers for phosphorus 
samples. 

2 Traces of dichrqmate cleaning solution 
will interfere with metal analyses. 

E Storage* . * . * 

Sample containers should be stored and 
transported in a manner to assure their 
readiness for use. 



V SAMPLE PRESERVATION . 

Every effort should be made to achieve ' 
the shortest possible intervaljaetween 
sample collection and analyses. If there 
must be a delay and it is long enough ^o 
produce significant changes in the sample, 
preservation measures are required* 

At best, however, preservation efforts 
can only retard changes that inevitably 
continue after the sample is removed 
from -the parent population* 

A Functions ' ' 

Methods of preservation are relatively 
limited. The primary functions of thd 
employed are* 

1 to retard biological action 

2 to retard precipitation or the hydrolysis 
oft chemical compounds and complexes 

3 to reduce volatility of constituents ♦ 

B General Methods ' ' 

* 

1 pH control - This affects precipitation 
of metals, salt formation and can 





inhib^ bacterial Action. 



2 Chemical Addition 



■a 



e choice of 
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chemical depends on the change to t}e 
controlled. S " \ 

Mercuric chloride ib commonly used 
as a bacterial inhibitor. Disposal of 
the mercury- containing samples is a 
problem and efforts to find a substitute 
fob this toxicant are underway. ' 

■ • • . • \ . 
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Sample Handling - Through Laboratory 



To dispose of solutions of Inorganic 
mercury sails, a recommended 
procedure^STxfcapture and retain the 
mercu^salts as the sulfide at a higfi 
pH^Several firms have tentatively 
Agreed to accept the jmercury sulfide for 
re-processing after preliminary con- 
dltlons are met.**' 
i 

^Refrigeration and Freezing - This is 
the best preservation technique avail- 
able, but it is not applicable to all 
types of samples It is not always a 
practical technique for field operations. 



C Specific Methods 



,(2) 



The EPA Methods Manual includes a 
table summarizing the holding times and 
preservation techniques for several 
a nalyticalf procedures,' This information 
also can be found in the Standard refer- 
encesU#2 # 3) ag par t of the presentation 
of the individual procedures. 

Federal Register Methods 

When collecting samples to be analyzed 
for National Pollutant Qischarge Elimi- 
nation System. or State Certification 
Htport purposes, one must consult the 
appropriate Federal Register' 5 ) for 
information about sample handling pro- 
cedures. When collecting samples to 
be analyzed for compliance with^naximum 
contaminant levels in drjnfclng water, 
consult the EPA Report'**' which includes 
this Information, y 



VI METHODS OF ANALYSIS 

Standard reference books of analytical 
procedures to determine the physical 
and chemical characteristics of various 
types of water samples are available , 

A EPA Mbthods Manual 

The .Environmental Monitoring and 
Support, laboratory of the Enylrtninental 
Protection Agency* has published £ 
manual ofbnalyt£*al procedures to 
provide methodology for monitoring the 
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quality of our Nation's Waters and to deter- 
mine the impact of waste discharges. The 
title of this manual is "Methods for Chem- 
cal Analysis of Water and Wastes, M < 2 > 
■* • 

• For some testsf this manual refers the 

analyst to Standard Methods and/or to 
. ASTM for the stepwise procedure, 

B Standard Methods 

The American Public Health Association, 
the American Water Works Association 
and the Water Pollution Control Federation 
prepare and publish a volume describing-' . 
methods of water analysis. These Include 
physical and chemical procedures. The 
title of this book is "Standard Methods 
for the Examination of Water and Waste- 
water* ^ / , ? 

C ASTM Standards 

The American Society' for Testing and 
Materials publishes an annual "book'- 
of specifications and methods for testing 
materials. The 'book 1 currently con- 
sists of 47 parts. The part applicable 
lo water is a book tided, 'Annual Book 
of ASTM Standards ', Part 31. Water/ 



D Other References 

^Current literature and other books of 
analytical procedures with related in- 
formation are available to the analyst. 

E Federal Register Methodolbgy 

The analyst must consult the appropriate 
Federal Register foi; a listing of approved 
methodology if he is gathering data fop 
NatlonaLPollutant Discharge Elimination 
Systetn or State Certification' 5 ' report 
purposes, or to document compliance 
with maximum contaminant levels in 
drinking water< 7 >* The Federal Register 
directs the user to pages in the abbve 
cited reference books where acceptable 
procedures cap be found. The Federal 
Register also provides information con- 
' cernlng the protocol for obtaining approval 
to use analytical procedures other than 
those listed* 
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Sample Handling - Field Through Laboratory 



VII ORDER OF ANALYSES 

/ The Ideal situation is to perform all 

analyses shortly after sample collection. 
In the practical order, this Is rarely 
possible. The allowable holding, time 

i for preserved samples is the basis for 
scheduling analyses. y 

A The allowable holding time for samples 
depends on the nature of the sample, the 
Stability of the constituents ) to be deter- 
mined and the conditions of storage. 



1 For some constituents and physical 
values, immediate determination is 
required* e.g. dissolved oxygen* pH. 

2 Using preservation techniques, the 
holding times for other determinations 
range from 24,hours (BOD) to 7 days 
(COD), Metals may 'be held up to^ 
6 months. (2 ' 

3 The EPA Methods 3lanual< 2 l and Standard 
Methods^) include a table summarizing . B 
holding times and preservation techniques 
for several analytical procedures* Addi- 
tional information can be found in the 
standard references**' 2 > ^ as part of 
the presentation of the individual pro- 
cedures. 

4 A table with proposed holding times and 
preservation techniques applicable to 
simples collected for National Pollutant , 
Discharge Elimination System or State 
Certification purposes was published in 
the December 18, 1979 Register* 5 *. A 
similar ^iable for drinking water samples 
can be found in a May, I978l&eportt?). 

5 If dissolved concentrations jre eought, ^ 
filtration should be done* in the field if r 

. /at all possible. Otherwise, the sample' 
Is filtered as soon as it is received in 
the laboratory. A 0.45 micrometer 
membrane filter is recommended 
for reprcfducible filtration. 

B The time Interval between collection and 
analysis is Important and should be re- 
corded in the laboratory record book. *\ 



VIII REOQRD KEEPING ' 
• **** * 

The importance of maintaining a bound , 
legible record of pertinent information 
on samples cannot be over-emphasized. 

V A Field Operations 

\ 

A bound notebook should be used. Infor- 
mation that .should be recorded includes, 

i 

1 Sar^ple identification records (See 
Part ni) 1 ' V 

2 Any information requested by the 
analyst as significant 



3 Details of sample preservation 

4 A complete^ record of data on any 
determinations done* in the field. 
(See B, next) 

5 Shipping details and records 0 

Laboratory Operations 

Samples should be logged in as soon as 
received and the analyses performed as 
soon as possible. 

A bound notebook should be used. Pre- 
printed data forms provide uniformity of 
records and help ensure that required 
information will be recorded. Such sheets 
should be permanently bound. 

Items in the laboratory notebook W9uld 
i Include: 

1 sample i<fefttifying code 

2 date* and-time of Collection 

3 date and time of analysis 

4 y/e analytical method used 

5 any deviations from the analytical 
method used and why this was done ( 

p data obtained during analysis 

fl results of quality control checks on 

^ the analysis 

8 anX'information useful to those who 
interprerSlbd use the data ^ 

9 signature of the analyst 



ERIC 



1-4 



. / 9 



• Sample Handling - Field ThroOg^Laboratory 



IX SUMMARY 

■ 

Valid data can be obtained only from a repre- 
sentative sample* jinmistakably identified, 
. carefully collected and stored. A skilled 
analyst, using approved methods of analyses 
and performing the determinations within 
the prescribed time limit?*, can produce data 
for the sample. This data will be of value 
only if a written record exists to verify sample 
history from the field through the laboratory. 
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METHODOLOGY FOR CHEMJCAL ANALYSIS pF WATER AND WASTEWATER 



I 

r INTRODUCTION 

This outline deals with chemical methods which 
are commonly performed in water quality 
laboratories. Although st large number of 
constituents gr properties may be of interest 
to the analyst* many of the methods employed 
to measure them are based on the same 
analytical principles. The purpose of this 
outline'is to acquaint you with the principles 
involved in commonly-used chemical methods 
to determine water quality. ^ 



ill 



Jl PRE-TREATMENTS 

For some parameters* a preliminary treatment 
is required before the analysis begins. These 
treatments serve various purposes, 
t ■ 

A Distillation - To isolate the constituent by 
heating a portion of the sample mixture to 
\ separate the more volatile part(s)* and then 
cooling and condensing the resulting vapor(s) 
to recover theJ volatilized portion* 

B Extraction VTo isolate/ctfncentrate the • 
constituent^ by shaking a portion of the 
sample mixture with atfh immiscible solvent 
• In whichtthe constituent is much more 
soluble* 

( 

C Filtration - To separate undissolved matter 
•from a sample mixture by passing a portion 
of' it through a filter of specified size. 
Particles'that are (dissolved in the original 
mixture are so small that they stay in the 
sample solution and paps through the filter. 
/ 

D Digestion - To change constituents to a form 
amenable to the specified test by heating a 
portion of the'dample mixture with chemicals. 

III METERS 

■9m . 

■ 

For some parameters* meters have been 
designed to measure that specific constituent 
or property. 



A pH Meters 

T 

pH (hydrogen ion condeotration) is meas- 
ured as a difference in potential across a 
glass membrane which is in contact with 
the sample and with a reference solution. 
The sensor apparatus might be combined 
into one, probe or else it Is divided into,an 
indicating electrode (for the. sample? and a 
reference electrode (for the reference 
solution). Before using* the meter must 
be calibrated with a solution of known pH 
- {a buffer) and then checked for proper 
operation with a buffer of a different pH 
value, i * ' 

B Dissolved Oxygen Meters ' 

Dissolvetff oxygen meters measure the 
production of a current which is proportional 
to the amount of oxygen gas reduced at a 
cathode in the apparatus. The oxygen gas 
enters the electrode through a membrane* 
and an electrolyte' solution or gel acts as a 
transfer and reaction media. Prior to use 
the meter must be calibrated against a known 
oxygen gas concentration. 

C Conductivity Meters 

Specific conductance is measured with a 
mtfter containing a Wheatstone bridge which 
< measures the resistance of the sample 
solution to the transmission of in electric 
current. The meter and'cell are,calibrated 
according to the conductance of a standard* 
solution of potassium chloride measure^ 
at 25*C by a "standard 11 cell with electrodes* 
one cm square spaced one cm apart. This 
is why results are called "specific' 1 con- 
ductance. 

D Turbidimeters 

A turbidimeter compares the intensity of 
light scattered by particles in the sample 
under defined cOTditions with the intensity 
jof light scattered by a standard reference 
Suspension. 
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Methodology for Chemical Analysis of Water and Wastcvvatci 



IV SPECIFIC ION JSLECTRODES 

Just as the conventional glass electrode 
for pn develops aq electrical potential in 
respons'e to the activity of hydrogen'ion 
% in solution* the specific ion electrode 

develops an electrical potential in respohse 
, to the activity of the^ion for which the electrode 
is specific. The potential and activity are 
related according to the Nernst equation. 
Simple analytical techniques can be applied ' 
to convert activity to an expression of con- 
centration- * 
« 

These electrodes are used with a pH meter 
with an expanded mV scale or with a. specific 
i6n meter. ?Two examples are the ammonia 
% \ and fluoride\electrodes. v 



1 Color change indicators 

-The method may utilize an indicator which , 
changes color when the reaction is p 
complete. For example, in the Chemical- 
Oxygen Demand Test th*e indicator, 
ferrbin* gives a blue-gree^ color to the 
' mixture until-the oxidation -reduction 
reaction is complete. Then the nuxtur<^/ 
is reddish-brown. • 

Several of these color-change titrations 
* make use of the lodometric process 

whereby the constituent of interest quan- 
titatively releases free iodine. Starch ■ 
is added to give a blue color uhtil enough 
reducing agent (sodium thiosulfate or 
phenylarsine oxide) is added to react 
with all the iodine. At this end point, 
the mixture becomes colorless* 



A Ammonia " ■ 

The ammonia electrode uses a hydrophobic ' 
gas-permeable membrane to separate.the 
sample solution from an ammonium chloride 
internal Solution. Ammonia in th^ sample 
diffuses through the membrane and alters 
the pH of the internal solution* which is x 
s ended by- a pH electrode. The constant * 
level of chloride In the interned Solution is 
sensed by a chloride selective ion electrode 
which acts as the reference electrode. 

B Fluoride 

The fluoride electrode, consists of a lanthanum 
fluoricle crystal across which a potential fs 
developed by fluoride ions. The cell may be 
„ represented by Ag/Ag CI. CMO. 3).F~<0. 001) 
LaF/test solution/SCE/. It is.used in con- 
junction with a standard single junction 
reference eleetrpde. 



V GENERAL ANALYTICAL METHODS 
A Volume^c>Analysis 

Titrations Involve usu\g a buret to measure 
the volume of a standard solution of a sub- 
stance required to completely react v with* 
the constituent of interest in a measured 
volume of sample. On^ can then calculate 
* the original concentration of the constituent 
of Interest. 

There are various ways to detect the end 
point when the reaction is complete. , 



2 Electrical. property indicators 

Another way to detect end points is a 
change lp an electrical property of the 
* solution .w hen the reaction is complete. 
,In the chlorine titration a cell containing 
potassium chloride will produce a small 
direct current as long as free chlorin^ 
is present* » ^s a reducing agent (phen- 
ylarsine^ oxide) is added to reduce 
the chlorine, the microammeter which, 
measures the -existing direct current 
registers a lower reading on a scale. 
By observing the scale, the end point of 
total reduction <5f chlorine can be 
determined because the direct current 
ceases. 

3 Specified end points . ' 
* • 

. For acidity and alkalinity titrations, the 
end points afe specified pH y^ues for 
the final mixture. The pH values are J 
those existing when common acidity or ' 
alkalinity components have been neutral - 
lzed.^ Thus acidity is determined by 
titrating the^ sample with a standard 1 
alkali to pH 8. 2 when carbonic acid 
would be neutralized to (HCQ^)". Alka- 
linity (except for highly acidic samples) 
is determined by titrating the, sample 
with* a s^ndard acid to pH 4. 5 when the 
carbonate present has been converted 
to carbonic acid. pH meters are used to' 
detect the specified end points. 
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r and Wastewater 



!i Gravimetric Procedures 



•■f 



Gravimetric rrt4thods involve dirtect . * ^ 
weighing of the constituent *in" a. container. 
'An empty container is weighed, the. 
constituent is £eparated v frt>m the sample 
mixture and isolated in the •container, th£n 
the* container with the constituent is weighed. 
.The difference ih the^ weights of the container 
before and after containing^tie constituent ^~ 
represents the^wdight of the constituent, 
• i m • . * 

The type of container depends on the method 
used to separate the constituent fgpfri the 
jmple tnixture. In the. solids determinations,' 
container is an evaporating dish (total 6r 
J dissorv^d) or a glass f;ber filter disc in a 
.crucible (Suspended). For oil and grease,* 
„ .the container is a fiaSk containingra residue 
after evaporation of a solvent. 

C Combustion . ' * 

Combustion" rpeans to add axygen. In the * . 
Total prganic Carbon Analysis, combustion 
is used Within an*instrument to convert 
carbonaceous material to carbon dioxide. 
An infwgred analyzer measures the carbon + 
dioxide". 



VI i>HPTOMETRlC METHODS 

These methods involve admeasurement of light 
that is. absorbed or transmitted quantitatively 
either by the constituent of interest qj^else by 
a substance containing the constituent of interest* 
which has resulted from some treatment of 
the^sample* The quantitative aspect of these 
-photometric methods is based on^applying the 
LaVnbert-Beer Law which established that the* 
amount of light absorbed is quantitatively 
related to Jhe concentration of the absorbing 
medium at a given wavelength and a given' 
thickness of the medium Jhrough which the 
light passes. 




Each mpiftod requires preparing at set of 
stajykfrd solutions containing. known amounts 

the constituent of interest, Photometric 
valvfes Pre obtained for the standards. These 
,are used to draw a calibration (standard) curve 
by plotting phdtbjQXfitric.V&lues against ^he 
concentrations. Then, by locating the photo- 
metric value for the sample on this standard - 
" curve, the unknown concentration Jn the \ 
sample can Be determined- 
• . \\ - 
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Atomic Absorption tAAJ instruments utilize 
abstfrpjjon of light of a characteristic wave- 
length. This form of analysis involves 
aspirating sofutions of irtetal*ions (cations) 
.or molecUles containing jtfctals into a 
flame where they aEe reduced to individual • 
atoms in a ground electrical state. In thi=> 
condition, the atox^s can absorb radiation 
6f a wavelength characteristic for each 
element. A lamp containing the element t of 
irffttfVest as the? cathode is used as a source 
\ty£mit the characteristic line spectrum for 
the elemerit to be determined. 

The amount of energy absorbed is directly 
relate to the concentration of th£ element 
Of interest. Thus the Larfrber't-Beer Law 
applies. Standards can be prepared and 
tested and the resulting absonbance vsjWp 
can be used to 'construct a calibration 
(standard) curve." Thezt the absorbgpee 
value" for the sample is located on this curve- 
to determine the otjr esponding concentration. 

Once the irjstr^iment is* adjusted to give 
optimum readings for the- element of intciest, 
the testing or e&ch solution can be done in 
a fatter of seconds,- Many laboratories 
wire recorders into their instruments to 
rapidly transenbe^the data, thus conserving 
time sp£nt on this aspect of*the analysis. 
Atomic absorption techniques are generally 
used for metals soid semi-metals in solution 
or else solubilized through some form of 
sample processing. For mercury, the 
principle is utilized but the absorption of 
light occurs in a flameless situation with 
the mercury in the vapor ,st$te and contained 
in*a closed glass cell. ^ , , 



B Flame Emission 



Flartie ^mission- photometry wvolves 
Yneastrring the amount of light given off by 
atoms drawn into a flame. At certain 
temperatures, the flame raises the elections 
ih atojps to * higher energy level. When 
the electrons fall back* to a lower energy 
level, the atoms lose (emit) radiant energy 
which can be % detected and measure^. 

Again standards must bo prepared and 
telsted to prepare a calibration (standard) 
curve. Therf*the transmission value of the 
sample, can bp located on thfe curve to 
determine its coucentration/* 
t Many atomic absorption instruments can be 
used for flame emission photometry. 
Sodium and potassium are very effectively 
determined by the emission technique. 
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Hov/<vce, for man> elements, absorption 
Mdft>sis i3 more sensitive because there §7e 
a great number of unevtitcd atoms in the 
f>&me,which are available to absorb the t 
radiant energy. » 

, C Colonmetry 
> « 

r Colonmetric analyses involve treating 
standards which* contain known Concentrations 
' • of the constituent of interest and also the 
sample with reagents to produce a colore^ 
solution. The greater the concentration of 
1 the .constituent, <the 4 mOre intense will be 
the resulting color. * 

The Lambert-Beer Law which relates the 
"absorption of light to the thickness and 
>i concentration of the absorbing medium 
Applies. Accordingly! a spectrophotometer 
is used ttfm^sure the, amount of l^ght of 
appropriate wavelength which. is absorbed 
by the same thickness of each solution. 
The results from the standards are used to 
ponstruct a calibration (standard) curve. 
Then the absorbance value for the sample 
is" located on this curve to determine the 
corresponding concentration. 

* 

Many of the metals and several other 
parameters (phosphorus, amrhonia, nitrate, 
nitrite, etc. > are determined in this 
- manner. 

vii gas-liquid Chromatography ^ 

Chromatography techniques jjj^aSjtfr se P ara " 
(ion of the components i/n a ^JUW^y usm 8 
a difference in the phySiqal p5o|M?Si£s of the 
compone nts . pas - Liquid* C hro matog raphy 
liGLC) involves separation based on a differ- 
ence m the properties of volatility and solu- 
bility. TheJpaethod is used to determine - 
algicides, dhlonnated organiccompounds 
and pes^icidp s. 

The sample is introduced into an injector 
block which ia at a high temperature (e.g. 
2'lO*C)> causing the liquid sample to volatilize. 
An inert carrier gas transports tlje sample 
components through a liquid held in place as 
a 'thin film onran inert solid support material 
in a column.^ 



Sample components pass through the colutfin 
at a speed partly governed by the relative 
solubility of each in the stationary liquid. 
Thus the least soluble components are the 
first to reach the detector. The type of - 
detector used depends on the (c las 5 of compounds 
involved. All detectors function to sense and 
measure the quantity of each sample component 
as it comes pff the column. The detector * 
signals a recorder system which registers 
a response. 

• \ 

\3 with utUei uiett ujiitntdl methods, standards * 
with known concentrations of the substance of 
interest are measured on the instrument. A 
calibration (Standard) curve can be developed 
and the concentration in a sample can be % 
determined from^thiS graph. 4j 

tfas-liquid chromatography methods are very, 
sensitive (nanogram, Ritogram quantities) so 
only small amounts of samples are required. 
On the other hand* this extreme sensitivity 
often necessitate© eAtensive clean-up of 
samples prior to GLC analysis. 

VIII AUTOMATED \TETHODS 

.. > 
The increasing number of samples and 
measurements to be made in water quality 
laboratories has stimulated efforts to automate 
these analyses* Using smaller amounts of < 
sample (semi-micro techniques), combining „ 
reagents for fewer measurements per analysis* 
and using automatic dispensers are all means 
of saving analytical tin\e. **\ 

However, the terjn ''automated laboratory m \¥ 
procedures" usually means automatic intro- 
duction of the sample into the instrument* 
automatic treatment o£ # the sample to test for 
a component of interest* automatic recording 
of data an5, increasingly, automatic calculating 
and print-out of data. Maximum automation 
Systems involve continuous sampling direct 
from the source (e.g. an m-place probe) with 
; telemetering of results to a central computer. 

Automated methods* especially those based on 
colontnetnc methodology* are recognized for 
several water quality parameters including 
alkalinity> ammonia, nitrate* nitrite* phosphorus* 
and hardness. 
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IX SOURCES OF PROCEDURES 

Details of the procedure for an individual 
measurement can be found in reference bQOks* 
There are three particularly- r.ecognized, books 
of procedures for water quality measurements. 

A Standard Methods* 1 ) 

V\e American Public Health Association, 
the American Water Works Association 
and the Water Pollution Control Federation 
prepare and publish "Standard Methods, for 
the Examination of Water and Wastewater* ,r 
As indicated by the list of publishers, this 
book contains methods developed for use by 
those interested in water* or wastewater 
treatment* 

B ASTM Stan<Jards t2) 

/ 

The American Society for Testmg^d 
Materials publishes an "Annual gook of 
AST^f Standards 1 ' containing Specifications 
and methods for testing materials* The 
ri book M currently consists of 47 parts* 
The part applicable JEo water was formerly 
Part 23i It is now Part 31 } Water* 

t The methods are chosen by approval of the 

membership of A^JTM and are intended to, 

aid industry, government agencies and the 

general public* -Methods are applicable to 

industrial waste waters as well as to other 

types of water samples. 
« * 

C EPA Methods Manual* 3) 

\ •/ . 

The United States Environmental Protection 
Agency publishes a manual of "Methods for 
- Chemical Analysis of Water and Wastes* ,T 

* EPA developed this manual to provide 

methodology for monitoring the quality of 
• our Nation* s waters and to determine the 
Impact of waste discharges* The test pro- 
cedures were carefully selected to meet 
these needs, using standard Methods and 
ASTM as basic referendes* In many cases, 
« the EPA manual contains completely 
described procedures because they modified 
methods from the basic 'references* Other- 
wise, the manual cites page numbers in 
the two references where the analytical 
procedures can be*found« 



X ACCURACY AND PRECJS10K 
A Of the Method * 

v 

, /One of the criteria for choosing methods 
to be u^tfd f&r water quality analysis is that 
the method should measure the desired 
property or constituent with pf*ec;sion* 
accuracy, and specificity sufficient to meet 
data needs. Standard references, then, 
include a statement of the precision and 
accuracy for the method which is obtained ' 
when (usually) several analysts in different 
laboratories used the particular method. 

B Of the Analyst 

Each^flalyst should check his own precision , 
and Accuracy as a test of his skill in per-, 
forming a test. According to the L. S. EPA 
Handbook for Analytical Qualit} Control' 4 ** 
he can do this in the following manner* 

To check precision* the analyst should 
analyze samples with four different 
concentrations of the constituent of interest* 
seven times each* The study should cover 
m at least two hours of normal laboratory 
operations to allow changes in conditions • 
to affect the results. Then he should 
calculate the standard deviation of each of 
the sets of seven results and compare his 
"values for the lowest ancl highest concen- 
trations tested with the standard deviation 
value published for that method in the reference 
book, (It may be stated as % relative s 
standard deviation* If so, calculate 
results in this form. ) An individual 
should have better values th^n *those 
averaged*from the work of several t 
analysts* 

To check accuracy, he can use two of the 
samples used to check precision by adding 
stknown amount (spike) of the particular 
constituent in quantities to double the lowest 
concentration used, and to bring an inter- 
mediate concentration to approximately 75% 
of the upper limit of application of the 
method* He then analyzes each of the spiked 
samples, seven times* then calculates the 
average of each set of seven results* To # 
calculate accuracy in terms of % recovery* 
he wi)l also need to calculate the average of 
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the results he got when be analyzed the 
unspiked samples (background)* 'fhVn: 



v Recovery 



[ observed*- background 



1.00 



The actual caloulation Involves volume - 
cofrcentrafipn calculations for Jjach term: 

If thT^nibiished accuracy Is stafed*as 1 

* % bias, subtract 100% from % recovery ' 
to compare results* Again* the individual 
result should be better than the»publish?d 
figure derived from the results *of several 
analysts. 

C Of D&ily Performance , ^ 

\ \ 

Even after an analyst has demonstrated his 
personal skill in performing theT" wfalysis, 
a daily check on precision and accuracy 
sfiould be done. About one in every ten ^ 
samples should be a duplicate \o check 
precision and about one in evefy ten samples 

* should bp spiked to check accuracy. ^ , 

^It is also beneficial to participate in rnter- 
laboratory quality control programs. The' 
U. S. EI? A provides referenpo samples at y 
no charge tg laboratories* These samples 
serve as independent checks oh reagents* 

* instruments or* techniques,- for, training 
analysts or for comparative-Analyses y^thin ** 
the laboratory* There iS-iio certification 1 
or othcr/vjormal evaluative function resulting * 
from their use* • . / 



XT SELECTION OF ANALYTICAL 
- PROC EDURES 

■ ; it 

Standard sources**' 3 ' will* for most 
"paramcter8» tdfttaih more than one analytical 
procedure* Selection of the procedure to be 
used in a specific instance involves consider- 
ation/^ the use to be made of the data. In j * 
some cases* one must use specified procedures* 
In others, one may be able to choose among 
several methods, 



A 4 NPDES Permits and State Certifications 

* A specified analytical procedure must 
* used when a waste constituent is measured. 

1 # For an application for a National 'Pollutant, 
Discharge Elimination System (NPDES) 

• permit under Setffton 402 of the Federal 
Water Pollution Control Act (FWPCA),* 
as^a,mended. 

2 J^o r reports required to be submitted b% 
dischargers under KPDES* 

« ■ 

3 For certifications issued by States 
pursuant to Section 401 of the FWP<LA> 
as amended* 

Analytical procedures- to be used in these 
situations must conform to those specified- > 
, In Title 40. Chapter 1. Part 136. of the 
Code of Federal Regulations (CFR)* The 
listing* In the CFR usually cite two different 
procedures for a particular measurement* 



4 

t 



The CFR also provides a system pi 
applying to EPA for permission to \ 
use methods not cited In the CFR. 
Approval of alternative methods for 
nationwide use will be published In 
the Federal Register. 

B Ambient Water Quality Monitoring 

t 

For Ambient Water Quality Monitoring, 
analytical procedures haYe not been 
specified by regulations* However,, the 
selection of procedures to be used should 
receive attention* Use of those listed in * 
the CFR is strongly recommended. If 

. any of the' data obtained is going to be used 
in connection with NPDES permits, or maj 

4 be used as evidence in a legal proceeding, 
use of procedures listed in the CFR is 
again strongly recommended. 
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Wastewat< 



J 



C Drmkufg Water Monitoring - 

•In Decemb'etS 1075, National Interim 
Primary Drinkitig Water Relations 
to be effective June 24, 1077 were 
s publish^ in the Federal Register xn 

Title 40, Chapter 1, Subchapter D* J 
* Part 141. The publication includes / 
specification of analytical procedures ■ 
to be usecf wlien dete miffing compliance 
with the maximum con t& cjn ina nt levels ■ 

* of required parameters. 

* Because of the low concentrations In- 
volved In the regulations, tKere is often 
jus't one ajoalytical method cited for 
each parameter. 

individuals or organizations maty apply 
to EPA for permission to use methods 
not cited in the above* Approval of 
alternative methods for nationwide use 
will be published if the Federal Register. 

■ y 
'^T \"n FIELD KITS 



Field kits havelreen devised to perform * 
analyses -outside of. the laboratory.** The kit 
may contain equipment and reagents for only 
one te&t or for a variety of measurements. 
'It mky be purchased or put together tjy an 
agency to "serve its particular needs* ■ fc 

.Since such kits are devised for performing 
tests with minimum time and maximum 
simplicity, the types of labware and reagents 
employed usually differ significantly from the 
equipment and supplies used to perform the 
skme measurement in a/laboratory* 



A Shortcomings * / 

9 

Field conditions* do not accommodate the 
equipment and services required for pre- 
treattnents likejistillation and 1 digestion* 
Nor is it practical to carry and use calibrated 
glaasware like burets and volumetric pipets. 
Other problems are preparation, transport 
and* storage of high quality reagents, of J 
extra supplies required to test for and remove 
sample interferences before ipaktojf the 
measurement, and of instruments fvhlch 



are very 'sensitive in detecting particular 
constituents. One Just cannot carry and f 
set up laboratory facilities in the field which 
are equivalent to stationary analytical 
facilities. * 



B Uses w " 
< 

* 

Even though the results^of field tests are ^ 
usually not as accurate and precise as those 
performed in the lab^rptory. such tests do 
hav*6 a place in water quality programs. " 

In situations J^hejfe only an estixra te of the * 
concentrations of various^ constituents is 
required, field tests serve well. They are 
invaluable sources of information for 
planning a full-scale sampling/ testing 
^program when decisions must be ma^de 
regarding location of sampling sitesi 
schedule of sample collection* dilution of 
- samples required for analysis* and treat- 
ment of samples required to remove inter- 
ferences to analyses. 

■ C NPDES Permits and State Certification 

Kit methods are not approved for obtaining 
data required for NPDES permits or State m 
construction certifications* If one judges 
that such a method is justifiable, for. these 
purposes* he must apply to*EPA for per- 
, misaxon to use it* 

% 

D Drinking Water -Monitoring 
* ■ \ 
The DPD test kit for residual chlorine is 
approved in the December. 1975 Federal 
Register for monitoring drinking, water 
in cases where chlorine tests are sub- ■ 
stitutes for microbiological tests* 
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\ I INTRODUCTION 

A Statistics may be defined, for our purpose, 
as a collectjpn of methods which havfxbeen 

^ developed^for handling numerical data 

pertaining to samples or portions of entire^ 
populations. \y 

B The statistical methods with which we will 
concern ourselves deal with the presentation 
and analysis of -numerical data from samples. 

■ 

B FREQUENCY 

A Definitions / 

4 1 ^Frequency - indicates how many times 
a particular sfcore occurs in a collection 
of data 



2 "Frequency table - a tabular arrange* 
mont of data, ranked in ascending op 
descending order magnitude, 
together with the corresponding 
frequencies 

r 

3 Frequency histogram - a set of 
rectangles having bases on a horizontal 
ax^with centers at the given^scores 
and heig^te^qual to the corresponding 

. | frequencies (See Figure 1) 

4* Frequency polygon - a line graph 6f 
frequencies plotted against scores 
. (can be obtained by connecting mid* 
points of tops of rectangles in the 
frequency histogram) (See Figure*!) 




■ r 



9 Figure 1 ^ 

r 

Frequency Histogram & Frequency Polygon 
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*B .Application * 

> ♦ / * 

Consider the application of tfte above 

definitions to the following set of data, 

obtained from twelve determinations for 

chloride in water. , * 

. . ' V . 

* ' \ ' Resiiltg (ng/1) 



100 ' - 


101 


99 




101 , 




HOO 




99 


> 

102 


, 100 




98 

* 

V 


■■o. 


102 


* 



number of observations the median Is 
.**•+ *n + 1 

, £ . the average of the 

middle two scores. 

4 Mean - arithmetic average of all the * 
values in the sample distribution, de- 
noted by X. The formula for calcula- 
. ting the sample mean is 

Xt +X^+Xs . . . X n 




\ 



♦ Table 1 
- ' * Frequency Table 
Chloride Qig/1) Frequency 



'98 
. 99 
14Q 
101 
102 



1 

2 
4 

31 
2 



III MEASURES OF CENTRAL TENDENCY 
A Definitions C 

1 Central tendency - the tendency of 
values to "cluster about a particular , 
valine in the distribution 

2 Mode - that value which occurs most 
frequently 

3 Medi&n - midpoint of an array*Of 

^ scores* If there *8 a ^ odd number of 
observations/n, the median is 



n+1 where 



h n + 1 



2 

2- 

distribution, if there is an even 



represents 



the 



vfelue in the frequency 



= 52% where there are n number 
'of values. s 



B Aids in calculation of the mean 
♦ 

Application of the following <wo siatemehts 
can reduce errors and amount of time 
spent in calculating the mean of <£ 
distribution. 

1 Adding or subtracting a constant to or 
. , from each score in a distribution is 

equivalent to adding or subtracting tbe 
' same constant to or from th<?m£an of 
the distribution. Thus .the following 
formula. 

X a X±C , where the X;'s are the 

c ■ \ 1 

values in the distribution with mean X, ' 

and the X t ± C T s are" the_values in the 
C distribution'^th mean X c . 

2 Multiplying or diyidipg each score in 

a distribution by a. constant is equivalent 
4 to Multiplying qr dividing the mean of . 
- * the distribution by the sam£ constant. 
Thus the following formulas. . 4 



(1) X c 
of 



CX 



(2) X~ * r where the Xi'fr-are the 

c C _ 
values Jn the distribution with mean X, 
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t + 



and the CX 's or the 's are the* Denote the niean of the distribution m 

. «. j . u * «. "V Table l.b>jx . If we add 100 to each 

values, in the distribution, with mean gcQre inn £^ stribution in Table 2> we 

c obtain the scores in -the distribution in 

3 Table , if likewise if we add 100 to the 

C Application ' me3n,."X, of the distribution in Table 2, 

* we obtain the mean, X^, of the distri- 

Consider the application of the above button in Table 1. 

^ definitions to the previously mentioned — * _ 1 

set of data, obtained from twelve deter- Thus X = X + 100 

minations for chloride in water, shown ' ' 

toTable l - . X =^ + 100 

/ c n 

. 1* Mode = 100 * 

x n + x n x = i±m^zii±m±m±m + 100 

JoO + 100 _ • ' ' X c " -25 + 100 - 100.25 



= 100 



n 

98+2 (99) + 4 (100) + 3 (101) + 2 (102) A- Definitions 



3 Mean k = — ^ IV MEASURES OF DISPERSION 

n * 



- * 12 
* =j jqq 25 ' * 1 Dispersion - spread or variability of 

4 * observations in a distribution ' 

4 Aid in Calculation y « *» *u , , 4 . 

* 2 Range » the difference between the > 

Consulting Table 1 and observing that Highest value and the lowest value 

the values are in the neighborhood of * 

100 we might subtract 100 from each R = m min 

score and obtain the following distribution: f 

3 Average deviation - the sum of the 
deviations of the values from their 

* - * mean, without regard to sign, divided} 
l Table 2 . by the total number of data values (n) 

f a ' Frequency Tabl^ „ — formula for calculating the average 

Chlpride (ug/1 ) Frequency . deviation is: • 

-\ . 2 ■ n, 

x 0- 4 ■ ^ 

' . "I ■ ' • 3 ' ' ' ' : 

* 2 J 2 . 
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Average deviation of the- mean (D) - 
the average deviation of individual ^ 
data ^terns from the mean (d) divided 
by the square root of the number of 
data items (n) 

r 

The definition of the average deviation 
of the mean can, be* expressed by the 
formula: 

d- 

D = i — > 
•/ n 

Variance * the sum of the squares of 
the deviations of the values from their 
mean divided by the total number of 
data values (n) minus 1 

The definition of the variance can be 
expressed by the following formula: 



4 2 

S 



E(Xi 



X) 2 



Standard deviation - the square root 
of the variance 



The definition of the standard 
deviation of the mean can be 
Expressed by the formula: 



s 



S = 



Relative standard deviation - the 
standard deviation (s) expressed as 
a fraction of the mean, s 



The relative^ standard deviation is 
often expressed as a percent. It is 
then referred to as the coefficient 
of variation (V), or % relative standard 
deviation: 



s 

— x 



100' 



The relative standard deviation is 
particularly helpful when comparing 
, — ' the precision <tf a number of deter- 
^Irminations on a given substance at . 
afferent levels of concentration. 

B Aids in Calculation 



TJie definition ofcthe standard deviation 
can be expressed by the following 



formula: 



/ 



* r, — ~* 

8 J-mr 



Howeyer, the formula commonly used 
because of its adaptability to the hand 
calculatorHs the following: " / 



Application of the following statements 
can reduce errors and.amount of time 
/spent in calculating the variance or 
^tondard deviation of a distribution. 

1 Adding or subtracting a constant to or 
from each score in a distribution 
doesn't affect the variance or standard 
deviation of the distribution, ' ■ 



Thus the following formulas: 
2 



(1) 



« s 



2 <r 



a » 



n - 1 



where there are 
n number of values." 



) 



StandaVd deviatiqn of the mean (S) - the 
standard deviation of individual data 
items (s) divided by the square root of 
the number of rata items (n) 



(2) 



s 



s 



where theXJs are the values .in 
.the distribution with variance s 
and standard deviation s, and the 
^Xj + C'a are the values in the 
distribution with variance 
and standard deviation s A . 
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Multiplying or dividing each score in 
"a distribution by a/constant is equivalent* 
to multiplying or /dividing the variance 
of that distribution by the square of the 
same constant, / 

Thu^The following formulas* 



2 Average deviation 



(1) 
(2) 



..2 2 
s * C s 

V si 
S c - C 2 



where the Xj's are the values in 
' the distribution with variance s 2 , 

ar\d the CX^s or the "s kre 

the values in the distribution with 
variance & Q ^. 

i > Multiplying or dividing each score in a 
distribution by a constant is equivalent 
to multiplying or dividing the standard - 
deviation of that distribution by the 

* same constant. 

Thus the following formulas: 
Cs 



(1) 
or 
(2) 



s 



s * — 

c* 
* 



s 

C - 



where theXj/s are the values 
the distribution with standard 
deviation s, and the CX^'s or the 

X 



i 's are the values in the 



distribution with standard 

deviation s . 

c 

C Application 

Consider the application of the Above 
definitions to the previously mentioned 
set of data, obtained from twelve 
' detenpinMions for chloride in water, 
shown in ti_B>. Table 1. 



/ 



98 

99 
100 
101 , 
102 
X = J0O. 2f 



w d ..mzM 

1 

IXi- XI 



2. 2& 
1.25 

- . 25 
. 75 

i 1. 75~ 



n 

ntXj- Xl 
2. 25 
2.50 

1. 00 

2. 25 

11.50 



n 



11.50 
12 



= .96 



Nation of the me 



3 Average deviation of the m^ean 
D 



Using calculations from number 2, 



D M d = 0,96 - 0.96 - o 28 

ft JT2 3 " 46 



4 Variance - s 



v\2 



2 _ S(Xr X) 



n-1 



1 / 



n 


Xj 


Xi-X (XI- X) 


2 n(Xi-X) 


1 


98 


-2.25 5,06 
/ 

-1.25 1.56 


5.06 


2 


■ 99 


3. 12 


4 


100 


- . !S5 .06 


.24 


4 


101 


+ .75 .&6 


1.68 


2 ' 


102 


+1. 75 3, 06 


6. 12 
16.22 


8 2 


_ S(Xi- 
n - 


X) 2 16.22 
1 11 


1.47 * 



1 Range " 102 -98 * 4 
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5 'Standard deviation - s ■ I 



n~H 



n 




nXx . 


si 




1 


98 


96 


9604 


9604 


2 


99 


198 


9801' 


. 19602 


•4 


100' 


' 4P0~ 


lpOpp 


40000 


3 


101 


'303 


102pl 


30603 


2 


102 _ 


204 


10404 


20808 






1203 




120617 




120617 



1203 
12 



'12061Z - 120601 



11 



3 ■ /Ji 3 U21 



11 



6 Aid in calculation 

Recalling that adding' or subtracting a 
constant to each score in the distri- 
bution doesn't affect the variance or 
the standard deviati&n of the distribu- 
tion we'can simplify the computations 
by first subtracting 100 from each 
score in the distribution, thus obtain- 
ing the frequency distribution shown 
in Table 2. 



n 

1* . 


X r C n(Xi-C) 
-2 -2 


(x r o 2 

4 


n(X r C) 2 
'4 * 


2 


• -J 


-2 


. 1 * 


2 


4 


0 


0 


0 


0 


3 


1 


3 


1 


* 

3 


2 


2 


4 


4 


8 


, 7 
• 2 


' 2 
EX. - 

7^ 


3 

(SXl) 2 

n - 

- 1 


3% " 


17 

• 

t 
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3 2 ■ 12 



11 



16.25 . 
11 . 



1.48 



"n 



1.22 



■ n - 1 

7 Standard deviation of the mean - 
Using calculations from number 6, 



S = 



s_ s U22 B U22L 0-35 



<Tn <TT2 



3.46 



8 Relative standard deviation expressed 
as a percent (coefficient of variation) 



V - X100 
X 



Using calculations from number 6 for 
s - 1.22 and from number 2 for 

X * 100,25, 



Figure 2 
Normal Distribution Curve 
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V INTRODUCTION TO NORMAL 
DISTRIBUTION CURVE 

A Statistics deals with theoretical curves * 
which artf smoother than frequency 
polygons, obta^med frorA experiments in 
real life. However, frequency distribu- 
tions or frequency polygons of experimental 
data often approximate a mathematical 
function called the "normal 11 distribution 

curve. (See Figure 2) _ 

Figure 



As shown In Figure 3 f the frequency polygon 
for the 12 determinations for chloride in 
water is a fairly good approximation of £he 
normal curve. If f however, In the chloride 
determinations we had obtained 103 Instead 
of 90 knd lOjingts^d of 99 this distribution 
would Jiot^Hav^been ^ good approximation of 
the normal curve, as is shown in Figure 4. 



Comparison of Normal Curve and Frequency Polygon 



o 
c 

u 




Figure 4 

Comparison of Normal Curve and Frequency Polygon 
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Figure 5 shows the normal distribution 
in terms of the population mean and 
the standard deviation of the population 
a , and gives the perdent of area under - 
the curve between certain points ♦ , „ 

Normal* Distribution Curve 



1 





B If a frequenpytfistribution is a good 
approximation of the normal curve, we 
can use some facts about the normal 
curve to give uq information about the 
frequency distribution. 



( 



Figure 5 
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We Ynaj check the distribution of sample 
, data ttf see if it is a "normal" distribution 
in the following manner. Substitute thp 
value of the sample mean (5?) for the vMue 
' of tKe midline and: substitute the value of 
the sample standard deviation (s) for the 
limits of the wlue spSns whefl* ye might 
exflpct certain percentages of the date' 
, items to §*cur. Then* we can checJjUhe 
number of data items which actually do 
occur within these value spans. * 

Figure # 6^demonstrates this application 
using the chloride dtfta values f from Table 1 . 
The data values are marked on the hori- 
zontal line and the frequency of the 
t occurrence of each value is marked*6n the 
. vertical. The midline' of the distribution, 
is marked at tfoe value of the sample mean 
(X * 100, See m Cj>). The value of the 
sample standard deviation (s s 1*21, See 
IV C 5) is used to mark value areas under 
. the c.urve«where different percentages of 
daja values will probably occur. Tijus, 
for the area X + ls, X - ls.= 98.79 and 
X + 1 s = 101.21. Therefore, according 
to the normal distribution cwRve showp in 
Figure 5, we might expect aboilt 68% of the 
data items to have values between 99 and f 
101. (The values are^^jjonded to whole 
numbers since the data values are thus 
recorded). • 

Consulting Table 1, we^find that 75% or 9 
of thq 12 data items Ijave-values in this 
range. TMs percentage is shown in 
Figure $ by the frequency polygon for the 
data shown earlier in Figure 3. ■ • 

Likewise assuming a normal distribution, 
^ we, would expect w 95% of the observations 
to lie within +2 a 's tvoja the Bftfmiatlon 
mean. In fact, 1 00% "of the observations 
were within + 2 s's from the sample mean. 



Jn both c^ses the observed parjjeytages'afre ' 

reasonably close to the expected percentages. 
/ Other tests exisjjor determining whether 

or not a fre<prfmcy disfribution\?night 

reasonably^ assumed to appro) 
***£he normal distribution^, 



) 



It would be good to Become as, familiar as 
possible tfith the normal distribution since 
an underlying normal distmbutlfcn is 
assumed for many statistical tests of 
hypothesis. ' • 
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ACCURACY- PRECISION-ERROR 



I INTRODUCTION " ■ * 

An analytical method is subject to errors. 
These errors may affect the accuracy of the 
method because they introduce bias into the 
results* There are other typps of errors 
which affect the precision of the, method 
because they produce random fluctuation s*lh 
the data* The most desirable situation for 
the analyst is shown in the diagram in 
Figure 1 wherp the results are btoth precise 
and accurate. 



/ 




X 
X 



IMPRECISE AND INACCURATE 




PRECISE BUT INACCURATE 




ACCURATE: BUT IMPRECISE 




PRECISE AND ACCURA 
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Figure 1. PRECISION AND ACCURACY 
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A Accuracy ^ ^ 

For results to be accurate, the analysis 
used must give values close to the true 
value .(See Figure 1) « 

B Precision 4 m 4 

* 

Precision is th§ degree of agreement 
among results obtained by repeated 
measurements on a single sample under 
a given set of conditions. It is a measure 

* oi the degree to which results "check. 11 

. (See Figure 1) 

C Note 

It is possible to have precision without 
accuracy. (See Figure 1) 



H DETERMINATE ERROR AND ACCURACY 

A determinate error is one which con- 
tributes a constant error or .bias to results, 
causing them to be inaccurate. This 
constant error makes it posslBTe for results 
.to agree with each other (be precise) and 
still be inaccurate.(*See Figure I) 

Determinate errors have "assignable" 
causes which caq usually be identified and 
either eliminated or controlled. (The terms 
"determinate" error, "assignable" error, 
and "systematic" error are synonymous). 

A Sources of Determinate Error 

\ 

1 Method error 

4. 'Method errors art those that are 

inherent in the procedure. .These are 
very serious and the hardest to detect 
and correct. The most common 
method error is the presence of inter- 
ferenceis in. the sample* Other" 
example 9 Would be precipitation pf 
substances ot£er than the desired 
.material, partial solubility of pre- 
cipitates, and entrapment as in a m 
* " solvent extraction procedure. 

. 4-1 



A ccura cy- P t^e clelon- Error 



•J. 



B 



2 Personal errors 

• 

Personal errors are attribu&ble to Q 
- individual Aiistakes which are con* 
si stently made by an analyst. These 
errors are the result of consistent 
carelessness, lack of knowledge or 
s personal bias. Examples are errors 
In calculations, use of contaminated, 
reagents, non- representative sampling, 
or poor calibration of standards and 
instruments. 

3 Instrumental errors 

Instrumental errors aire those which 
are caused by an analytical instrument 
or by the effects of the environment 
acting on^he instrument. Moisture in a 

'G.C. column, improper wavele'ngth 
markings on a spectrophotometer or 

* incorrect scoring on a buret would be 
examples* y 

Effects of Determinate Error 

s 

1 AdcUtive 

An additive determinate error is one 
which has a constant value regardless of 
the amount of analytically sought con- 
stituent present in the sample. 
(See Figure 2) 

2 Proportional 

A proportional de&jminate error 
changes value according to the amount 
of analytically sought constituent in the 
sample. (See.Figure 3) 



HI DETECTION OF DETERMINATE ERROR 

' A *Spike&$amples 

1 Samples which can be determined before 
and after th^addition of a known con- 
stituent ( in the concentration range of 
v Interest) provide a way to detect 
determinate errors 4 Spiked samples 
should be representative and resemble 
actual conditions as closely aA>ossible. 
The quantitation of bids can then be ' 
obtained with* the following measures. 

f 



Mean error - the difference between 
the meaa of the data and the true * 
result. 

Relative error - the mean error of 
a set of data expressed as a per- * 
centage of the true result. 

f 

EXAMPLE: An ahalyst determines 
the nitrate content of the effluent . 
fYom his sewage treatment plant to be 
0. 50 mg/ 1. m He then adds l.mg/ 1 of< 
standard nitrate solution to the 
sample. Table 1 shows the replicate 
results .obtained on the spiked 
sample, and calculation of both 
mean and relative errors. 



Table 1 



*• Sample: Effluent - 
Determination: Nitrate (Modified Brucine) 



Xi ^ 

1.35 % 1.56 

;.47 1.59 

1.49 4 . 1.60 

1.55 ' - 



1 Calculation of mean error 

MeanError/s A. 51-1. 50 
sAo.Ol mg/1 

2 Calculation of/relative errer 



% Relative Error ■ 



f 0.01 X100 
1.50 



-+0.7 



2 "Control charts - 

Trends and shifts on control chaVtfi 
may also indicate determinan terror. 
Using spiked samples, the stanV^d 
deviation is calculated and contrdfl 
limits (usualty J 3 standard devifiUoijs) 
for the analysis" are set (see Figure 4. 
For further discussionof control limits, 
see reference 3, p. 62. 
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1 .2 3 4 
THEORETICA1 VAlUE 

Figure 2. ADDITIVE ERROR 
Iff * ' 



1 2 3 .4 
' THEORETICAL VALUE' 

Figure 3. PROPORTIONAL ERROR 
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Figurp 4. CONTROL CHART 
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3 In some gases, it is impossible to 
spike a sample so that it resembles 
actual conditions (e:g., BOD and 
pesticide samples)* Youden"*' 
provides excellent techniques for 
detecting bias in this situation^ 

B Unknown Samples * 

1 Independent method * 

.Analysis of a sampte for a desired 
constituent by two or more methods 
that are entirely different in principle 
(gravimetric and Volumetric) may aid 
in the estimation of determinate error. 
However, another reliable method may 
not be available or may be laborious to 
perform. 

2 Control charts 

It is possible to plot a control chart 
(Figure' 1 4) eveji wherf it is not possible 
f to spike a Sample, One can use as a 
reference value an average of a series 
of replicate determinations performed 
on a composite check sample. Such a 
sample must be preserved or stabilized 
„ in such a wayHhat the concentration 
of the constituent being measured will 
not'change from dayjto day (see 
reference 1). * 

3 Aliquoting 

If the determinate error is additive, 
the magnitude^ may be estimated by 
% plotting the measured quantity versus 
a range of sample volumes or sample 
weights. If the jerror has* a constant 
value regardless of the amount of 
analytically sought constituent, then * 
a straight line fitted to the points will 
not go thropgh the origin. (See Figure 5) 

C Youden's graphical Technique (10, 11,, 12) 

Eh\ W.J. Youdtttaa devised an * 
approach to teswor determinant errors 
with a minimum of effort on the part 
of the analyst and his laboratory. 
Samples used may be of known (spiked) 
or unknown comj>p8ltlon. 
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1 Technique - % 

t ■ 

Two different test samples (X and Y) 
are prepared^and distributed for 
analysis to as many individuals or 
laboratories as poasI&W^Each 
, participant is asked tofoerform 
only one determination^! each 
sample (NOTE: "It is imjiortant 
that the samples be relatively 
'similar in concentration of the 
constituent, being measured). 
Table 2 showS the results on- two 
such samples analyzed for percent " 
potassium by 14 different laboratories 
The mean for each sample has been * 
calculated. 



2 * Interpretation • Figure 6 

The vertical line drawn on the 
graph represents~the mean (X) 
of all the results obtained on 
Sample X, the horizontal line was 
drawn through the mean (Y) 6f all 
the results obtained on sample Y. 
Each pair of laborato»results 
can then be plotted as VjH^nt on 
the graph (marked X* 1 Btc. 1 

If the ratio of the bias terror) to 
standard deviation is close to zero 
for the determinations submitted 
by the participants, then pne would 
expect the distribution of the paired 
* values (or points) to be close to 
equal among the four quadrants. 
The fact that the majority of the 
points fall in the (+, +) and (-, - ) 
quadrants indicates that the xestilts 
have been influenced by some source 
of bias or determinate error. 

Furthermore, one can even learn 
% something aboty a participant's 
precision from the graph. If all 
participants had perfect precision 
(no indeterminate error), then all 
the paired points would fall on a 
1 450 line passing through the origin. 
Consequently the distance from such 
a 450 Une 0 f each participant's 1 
point provides an indication of th^t 
participant's precision. 
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3, 



4, 



Examples of Youcten two-&ample 
charts are in the Appendix (p4-l3). 

A quantffetlve treatment of thib 
subject caivbe found in references 
11 and 12. 




12 3 4 
SAMPLE VOLUME (ml) 



Figure jj. 
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Figure 6. YOUDEN'S GRAPHICAL TECHNIQUE 
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IV ELIMINATION OF DETERMINATE 
ERROR 



Various approaches can be-used to eliminate 
the source of determinate error. The 
approach used depends upon whether the 
.source- Is personal, method, or instrumgntal. 



A Personal 



.v 



Great care must be used to avoid producing 
an unconfident attitude In a tedflftcian. It 
is undesirable for the analyst to feel he is 
being "policed. 11 ^ — 

B . Method and Instrumental 

x 1 Blanks * 1 <"v 

Blanks can be used to correct for 
Interferences from reagents, sample ' 
- color, etc. 



2 Correction factors 

Examples of correction factorslused 
In environmental analyses to eliminate* 
determinate errors are the following. 

a Refcovery factors In organic 
extractipns 

b Chemical yield vklues In gravimefric 
analyses „ ; ^ 

. c % Counting efficiencies for radiation 
-^counters . 

3 Standard addition - \ 

Sample Interferences producing deter- 
minate errors can be t overcome by 
adding equitl amounts of unknown 
sample to a series of standards. The 
concentration of the unknown can then * 
be determined graphically from a plot 
of the measured quantity (absorption, 
emission, etc.) versus the standard 
concentration. (See Figure 7) 



^Figure 7 MFTHOD S>F*STANDAIp 
ADDITION GRAPHICAL METHOD OF 
COMPCTING Sr CONCENTRATION 



>• 
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90 - 


so 
. Z 




INTC 


70 - 


NOI 


SO - 


S/i 
S/i 




£ 

U4 


30*- 




Sr ++ CONC (m*/l) 



NOTE The X valueWppeanng aiorfe the 
abscUsa <i.e.. X * 20. X * 40. etc.> re- 
few to the unknown adde<} to the strontium 
standard 



4 "Standard compensation 
* ■ 
Another approach is to prepare {he . 
standard so that its composition 
resembles that of the sample as 
closely as possible. The* objective * 
of .the approach is exactly the same * 
as that of standard addition - to 
. compensate for 'the presence'of ' 
Interfering substances in the unknown. 



V INDETERMINATE ERROR AND 



PRECISION 



Even when all determinate errors are 
# eliminated, every replicate analysis will 
not give th* same value. Such variation 
in results is due to -indeterminate error/ 
also to own as random, chance or 
uncontrollable error. Indeterminate 
. error affects the precision or agreement 
among results. 
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A Sources of Indeterminate Error 



Indeterminate errors are due to 
' unassignable or "chance causes. 11 » 
Examples are Inadvertent contamination - 
of sarjaple or glassware, variation in 
reagent additions, or variations in • * 
instrument response (see Figure 8). 

B Effects of Indeterminate Error , 

Since the causes of these errors are 
ranjiom, the effects are dlso random. 
Fortunately, these random variations . 
conform to the "Laws of Cha'nce" so 
statistical measures of precision can be* 
used to quantitate indeterminate errors. 



j 



VI 



DETECTION OF INDETERMINATE 
ERROR 



A measure of the degree of agreement 'among 
results can be obtained by analyzing a single 
sample repeatedly under $ given set of 
( conditions. 

A Range / 

The range of the replicate results 
Jdifferehce between the lowest ancf'the 
highest value) provides a measure of 
indeterminate variations. 
• 

B Standard Deviation 

. An estimation of indetermlnaie'error can 
be obtained through a calculation^ the 
standard deviation, The following formulas 
should be applied to'random data which 
folJows^j^rmal distribution, Normality 
can be checked by ranking and plotting the 
data on normal probability paper; it should 
fall on a straight line (see Figure 9), Any 
values which do not fell close to the straight 



line (those values encircled) should be 
'rejected in the^ calculation of standard 
deviation. Other statistical tests 

(8) 

cap be used to objectively evaluate the 
rejection of outliers. The value obtained 
for standard deviation for a particular \ 
► method may vary with the analyst, the 
, concentration range. of the constituent, 
and the composition of the sample 
analyzed. The confidence ofahe 
estimate is increased as the number of 
results (n) used to .compute the standard 
deviation is, increased. 
■ * * 

1 Replicate results on the same sample; 



fStX.-X) 2 



(1) 



X 



j 3 value of single results- 
average (mean) of results on 
same sample 



number of results 



Example : Table 3 contains a set of 5- day 
~BOD results obtained on a synthetic^ 
sample containing 150 mg/1 of glucose * 
'and 150 mg/1 glutamic acid. (Note: A 1% 
dilution was used in the actual test). The 
results are those submitted by laboratories 
participating in a colaborative study. 
Calculate the Standard deviation of these 
results, 

X « 19S mg/1 

n » 36.0 , 



EOCj-X) 2 ■ 58, 200 



/ 58,200 
4 35 



41 mg/1 
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Accuracy-Precision- Error 
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FIGURE9 NORMAL PROBABILITY CURVE 
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Table. 3 * , 

SAMPLE 1&0 mg/1 glucose + l£0mg/l glutamic acid ( I ** dilution} 

DETERMINATION 5-day Biochemical Oxygen Demand 



X 

X 


X - 

i 


X 


(x -ft 2 


i 


X 

i 


- X 




100 mg/1 


-92 


mg/1 


, .2 
8464 (mg/1) 




- 6 


mg/1 


* 2 
3? (mg/ir * 


117 * 


-}5 




5625 




7 




49 


125 






44*9 


200 


§ 




64 


132 


-eo 




3600 


200 


3 




€4 


M2 


-50 




2500 


204 


12 




/ lU 
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-45 




2025 


210 


18 




1 326 


1<>3 


-33 




1521 
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19 


-1 


361 
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212 


20 
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-27 
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361 


227 


35 




1225 


178 


-»H 




196 


229 


37 




1369 


180 


- 3 




9 


238 


46 




'2116 


190 


- 2 




4 


247 


55 




302 5 


196 * 


4 




4 16 


*250 


5,8 




3"44 


196 


4 




16 


259 


67' 




\4<89 ^ 


197 


5 




25 


274 


82 







r 



*Dala taken from Uaier", Oxygen Demand Report (July, 1360), Analytical Reference 
Service,. Training Program, R,A Taft Sanitary Engineering Center, Cincinnati Ohio 
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Table-4* *. conceni ration:. 

SAMPLE ( AqutouA RANGE 30 - 70 mg/i 

OLtfe KM1N ATION Phoiphate (Lucerne, CcwJc, and Prat Method) 





Mg/l P 


d > 


d 2 


Sample 


M$/l P 


d 


d 2 


i- 


51 


2 


4 


L ■ 


54 


2 


4 




53 








56 






B 


39 


0 


0 


M 


38 


1 


1 




39 








37 






C 


53 


1 


1 


W 


52* 

■ 


0 


0 




54 








52 






D 


47 


0 


0 


*o 


58 


0 


0 




47 








58 






E 


50 


1 


1 


p 


54 


6 


0 


J 
1 


51 




/ 




54 








48 


1 


1 


<t 


54 


0 


0 




47 






54 






/ G 


60 


0 


0 


ft 


48 


0 


0 




50 








48 






H / 


47 


0. 


0 


s 


52 


i 


1 




47 








51 






1 


42 


0 


0 


T 




0 


0 




42 














J 


50 


1 


1 


U 


46 


1 


1 




51 








47 






K 


59 


1 


1 


.V 


4* 


0 , 


0 




eo . 








42 







*Dita obtained from Frank Schlckoar, Proctor and Gamble Company* 

n 36 



Accuracy- Precision- Error 



2 Duplicate results on different samples 

In a laboratory where duplicates are 
routinely run, it would be simple to 
use the following formula for evaluation 
of standard deviation. 



8 = / 



S(d ) (See reference 5, 
2 k page 654) (2) 



d 51 difference between duplicates 

k * number of samples 

* 4 

Example: Table 4 contains a set of 
phosphate results obtained on aqueous- 
samples in the range 100-200 mg/1. 
Calculate the standard deviation of these 
results. 



C(d 2 ) 



16 
22 

H 

44 



s 3 .61 mg/1 

Duplicate and triplicate, results on 
different samples 



| S{X - x) 2 
H n-k 



(See reference 7, 
J page 73) (3), 



x = average of results on the 

same sample * 

n 3 total -number of results 

k s number of different samples 

Example: Table 5 contains a set of % 

nitrogen results obtained on unknown 

organic compounds. 



Calculate the standard/teviation. 



<£de 



2(X t - X) 2 
n-k 
s 

18 



.2401 
22 



0 ->° 

ERIC . 



2401 
22 

104% 



4 ""Use^of rang* to estimate standard 
deviation 



For a small number of replicates 
(n < 10),. the range can be used to 
estimate the standard deviation (See 
Table,6). 



R 



■ 8 



(4) 



Example: Table 7 contains a set of 
replicate nitrate results. Calculate 
the standard deviation of these results. 

* a Use of formula (1)* 
X ■ 0.72 mg/1 



n * 5 



.0134 



[Tor 

5 a|— 



0134 



s = , 
s = . 058 mg/1 

b Use of formula (4) 
R ■ .14 mg/1 
djj ■ 2.33. 



8 



. . 14 mg/1 
2.33 



s * .060 mg/1 

C Coefficient of Variation 

Art estimation of indeterminate error 
can also be made by calculating the 
coefficient of variation (V), also » 
known as % relative standard ^ 
deviation: 



x 100 



By comparing the standard deviation 
(dispersion) to the average or mean 
value (central tendency) in a set of data 
and expressing this relative standard 
deviation as a percentage, the analyst 
has a meaningful interpretation of the 
degree of dispersion present. Indeter- 



'7 
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Table 5* 

* *S A Al F L£ Unknown 0 rga txic CO Gipou Eds 



CONCENT KATION" 
range; 10^, - 





%& 




x 4 -'X 


(JC - ft 2 


OSflrtpl* 1 

1— 


5w 


A 


v 7 

I 


— 2 

(Xj - X) 


A 


16. 45 


1$. 4? 


,01 


0001 


J 


13.93 


13.75 


. 18 


.0324 • 




10.49 




, .01 


0001 




IX 56 




lb 


.0361 


r> 


16. 5C 


16.50 


0 


0 


K 


• 10-34 


10.27 


.07 


.0049 




16.49 




.01 


• C001 




10. 19 




.08 


.0064 


/->> 
\. 


16. 72 


16. 65 


.07 


.0049 


L 


17. 16 


17. IS 


.01, 


.0001 




16.57 




.08 


.0064 


17. 13 




-02 


.0004 


D 


17.52 




.06 


.0036 


' M 


15.01 


15.03 


.02 


.0004 




17.80 




.02 


.0004 




15.05 




.02 


.0004 




17,63 




.05 


.0025 














16.31 


16, 3) 


0 


0 


' N 


if. 44 


12.62 


. 18 


'.0324 




iCa 30 




.OS 


.0001 




12.70 




• .08 


.0064 














12.73 




.11 , 


.0121 


V 


16.40 


■16.35 / 


^j.05 


.0025 


0 


14.37 


14.37 


t o- 


0 








'.OA 


.0016 




14.35 




.o: 


.O0O1 * 




16.35 




0 


0 






















P 


11. £5 


11.85 


0 


0 


c 


•17.56* 


n.55 


.01 


.0001 




11.85 




0 


0 „ 


H 


17.54 




,01 ' 


.0001 


Q 


14.79 


14.73 


.06 


.0036 


14.06 


14. ai 


.15 


.0225 




14.70 




.03 


.0009 




14.66 




.15 


.0225 




14.70 




,<J3 


.0009 


I 


19.15 








R 


17.19 


17. 17 


.C2 


.0004 


19.02 * 


.13 


.0169 




17. 14 




.03 


.0003 ' 




18.3* 




.13 


.0169 











•Data obtained from FrckSchicknor. Proctoi aix! Gamble Coupany. 
V 
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FACTORS VSEO TO ESTIMATE THE STANDARD 
DEVIATION FROM RANGE 



51 f* 
of S*mpl* fa) 

2 

3 

4 

e 

7 
8 

10 



1 13 

1 e» 

2.C* 

2 33 
2 *3 
2 70 
2 « 

2 97 

3 0* 



1 

V 
.e*7 

n Wl 

t «e 

.430 
.395' 
370 
3M 
337 
',3*5 




-j 



Title 7 



I 



SAMPLE Ohio River W«er v 
DETERMINATION. Nitrite (Modified Brvctne) 



I 

O.e* mVlN 

0 es 

# 0 70 

0i7& 

0 79 



-0.07 
-0.04 
-0.O2 
♦O.04 
♦O.07 



.0049 
0016 

,0004 
0018 
0049 
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Accuracy-Precision- Error 



4 

mlnate error would be th^ cause of undufe 
dispersion. ' 

Example : Table 3 

, ' • ? 
s 9 4rmg/l 

~ 192 mg/1 * 

41 
192 

21% 



X 
V 
V 



X 100 



D An indication of an individual's analytical 
precision can-beT>btained by his partic- 
ipation in an interlaboratory study. In 
this case, the analyst performs only 
one determination on each of two samples: 
' Using Youden 1 s Graphical Technique as 
an indicationof an individual's precision 
was dis cussed previously in this outline 
in HI C. 
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Descriptors: Accuracy, Data Collections, 
. Data Processing, Error Analysis, Errors, 
Graphic Methods, Measurement, Monitoring, 
Precision, Quality Control , 
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„ APPENDIX 



- *»i im, cm pii 

FllJt IETI6I ST1 

11 


1 ' 

J 

mm in cioi itctucT " 
it i. Mann m pitsjcu 

auscs 

u — - 


— 

A. 

5 SAMPLE 3 

i 


1 • 1 



1.1 

S.I 



4.1 
3.1 

2.0 



i — i — rr — i — i — i — r 



OttlUl iinmi. at M/imi. 
(Ill NICRIW «(TI SYSTEMATIC 
Illll. FIIM-IIITItl STW 2. . • , 
ITflltlT JUUUTStS. K11UU . 
■(THIS 



J 


i" m ' 






-a*. 

m 

5 • * • 




* * a 

a + * 




a 


■w 


a 

a 


SAMPLE I 

— i 1 1 1 1 



5,e io h 



it* 



.14 



IJ 



T ! 1 ! 1 T7" 

MtflBU tfTllili M I/UT£t. Uimi 1UII1CT 

t rtu. wtiii sniT 2, wtiieit 

UAITSIS. ilttlL KITim 



,21 - 



t f 

uj 1 • * 
** , a 

■Mi — i- 



7> v i 



SAMPLE 1 



i.tq 



•I 21 



1 1 I I 1 

" KffttllL OTtttV 
nu: ilTItpTll 
111 

1 ' * 

— a— £ 


f i" — r-f—i \ 1 

■c i/unr wt ritmtti - 

T 2. RITUtRT WUTStS. 

in mmis 

\ - 

a 

** • . 

a 

a 


*• 

• \ • / 

* a 

1 1 1 X 


• 

SAMPUS 

— i 1 1 1 




> * 
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ELEMENTS pF A QUALITY ASSURANCE PROGRAM 




Z WATER QUALITY DATA . 
A importance . < 

1 trlteri^pi\j3ecisions 
a Planning 

Permit issuance 1 
O c Compliari^ 
d Enfdrcen^nt 
. ' e B^aluation of treatment processes 

f Research decisions 

2 EffaQ^ofjecisions ^ * 
a' Social 

r b Legal ^ 
c Economic 
+ B Requirement for Pliability \ 
. 1 Sf4cificity< 

«3 Precision « 



QUALITY > 



D Documentation System 

* « 

! Complete and permanent records must 
> be kept by all f lekl and laboratory 
f personnel. 

2 Any procedures undertaken* afs quality 
checks should ajso be recorded, dated 
and signed. . • * 

3 The results of any quality checks should 
be ^tecorded> dated and signed. 

4 Ajiy checks by outside service" personnel 
should be recorded, dateci. and signed* 

E Quality Assurance Control Coordinator^) 



1 ^Overall respgneibility *f6r progr; 
development, implementation, a 



iatr^tjln 



„C Elemer^of Qifality Ai8uranc«J^ 

' ' ' ^7 * ^SV 

- ' *' 1 Valid sample ' * ' 

* ^ Recognized methodology' 

■ » 

3 Control of servipea, instruments, 

* . equipment and supplies 
/ '* • 

^4 Quality analytical -performance 

a 

S Efficient data. handling and reporting 



2 Continuing assessment of level of operations 

. > 

3 Identification erf training needs kid provi- 
sion to accomplish 

* * 

4 Coordinator for inter-laboratory quality 
control ♦pfograms » 



IT SAM^E m ^ 

A Validity* 3 ; 4 ' 5 » 6 > 

K t 

1 Representative 
'2 -Propwly collected 

3 Clean, appropriate container^ • 

4 Approved preservation measures 

5 Analytical checks on containers and 
preservatives • tf* 

6 Holding 'times observed 
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Elements of a Quality Assurance Program 



B Integrity 



(2,7) 



1 Written procedures for all aspects . 

of sample handling * *~ 

m 

2 Field label?, records, seal 

- v " 3 Appropriate transport to laboratory 
4 Logging in system 



5 Appropriate storage conditions and 
holding time 



6 Syfctem for dis\ribution for aj^ysis 

7 System, for storage or discard. 

8 System for chain- of- custody documen- 
# * tat ion 



' III RECOGNIZED METHODOLOGY 
. ' A Need for Standardization 

1 Within one laboratory 

' > 2 Between cooperating laboratories 

3* Users of common data bank 

44* Nation -wide requirements 

B Criteria for Selection (6> * J 

• 1 Specificity with^accuracy and 
precision 

2 Validity established by sufficient 
use and evaluation 

3 Equipment and skill requirements 
normally available 

4 Time requirement reasonable 
C Sources 



1 Annual Book of ASTM Standards 



(3) 



Standard Methods for the Examination 
Of Water and Wastewater* 5 * 



ERICs-J 



\ 



3 Methods for Chemical Analysis of Water 
and Wastes < 8 > 

* • 

4 U.S. Geological Survey Techniques of 
Water Resources Inventory^) 



5 Others 



(9) 



D Commonly-Used Types 



1 Various sample treatments (filtration, 
digestion, etc*) 



2 Electrode-meters 

3 'General analytical methods 

a Volumetric analysis 
b Gravimetric,procedures 
c Combustion 

4 Photometric methods 
a Atomic absorption 
b Flame emission* 

c Colorunetry 



5 Gas dhrprnatography 

E Selection on Basis of Use of Data * . 

1 Compliance monitoring 

a National pollutant Discharge 
Elimination System ancftState 
Certifications^) ^ 

% 

1) Use of alternate procedures 

( ' ' 

2) Procedures for non-listed 
parameters ' , 

b National Interim Primary Drinking Water 
Regulations* 11 ' 

(^l) Use of alternate procedures 



2) Procedures for non-listed 
parameters 
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Elements of a Quality Assurance Program 



2 State monitoring programs* 12 * 

a Fixed Ration ambient monitoring 
b Intensive survey programs „ 

3 Local regulations " f 
' 4 Pre-survey field investigations 

5 Control of treatment processes 

F Using Recognized, Procedures 

■ 

1 Written step-bjwstep laboratory 
manuals , * 

2 Strict adherence to reference source ^* 

3 Record of modifications and why 



G Field Kits 



1 Shortcomings 



I 



2 Uses 



IV CONTROL QF SERVICES, INSTRUMENTS, 
EQUIPMENT AND SUPPLIES* 1 ' 



A Services 

1 Distilled water 

a Ammonia-free 
b Carbon dioxide -free 
c I on -free ^ 
d Low organic background 

2 Compressed air 
a D17 * * 1 
b Oil -free 

c. No contaminaifta 



B 



3 Electrical service ♦ 

a Adequate voltage 

b Constant voltage 

c Appropriate grounding 

d Efficient lighting 

Instruments 



V 



Applicable to laboratory and field Instruments, 
and, as possible, fixed continuous monitoring 
devices. . \ < 

1 Written requirements for daily warm-up, 
standardization, calibration* and/ or 
optimization procedures. 

2 Standards available to perform daily j:heck 
procedures. Some examples: 

a Standardized weights # 

b Certified thermometer 

c Filter (or solution) for wavelength " 
alignment check 

d Standard reference materials with 
standard absorption curves » 

e Standard resistor ^ 

f Calibration solutions (buffers* con- 
ductivity or turbidity standards) 



g Parameter standards to es^lish or 
to Aleck calibration curved * 

i •* 

h Radioactive standards with date 
and count 

3 Written trouble-shooting procedures 

4 Schedule for required replacement or 
cleaning procedures 

5 Schedule # for check and/or adjustments 
by service pe/ffbnnel ^ 
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Elements of a Quality Assurance Program 



C Laboratory Equipment 
-1 Great variety 



a Of materials (glass, plastic, 
porcelain** etc. ) 

' b Of grades 

* c Of accuracy in calibration 

*d Of specific properties 

e Of unique construction 

2 Selection depends on function 

a ,M easuremen * and delivery °' 
volumes require varying 
degrees of accuracy. 

« \ 

b Storage of reagents and solutions 
necessitates composition consider- 
ations such as': 

* „ ■ * 

' 1) -Polyethylene JbotUes for solu- 
tion^ of boron, sijjfcai and * 
alkali .'^ * a 

2) GW ss cp«Lners for orga/iics 

.3) Bi&^n glass tpi;\{ght%s^sltive 
* solutions' * » , 

c* Confinement of reactions may 
present speciaK££quir£ment& 
such as* ". , i * 

1) Ground glas^^ls 

2) Teflon plugs 5 

, m 3)* Special rei^tanc^to*1hermal 
shock ~\ ^ 

4) Impervious to digestion 
" conditions 

t t 

d Volumetric analyses involve; 

U.Very accurately calibrated 
vglassware 

2) Consideration <Jt the temperature 
which tKe apparatus wa& * 
calibrated * . 



e Other laboratory operations like 
filtration, ion exchange, absorption 
• and extractions may require specialized 
construction like fritted ware which has 
pressure and thermal shock limits. 

3 ^Cleaning procedures 

i 

a Basis of selection 

M 1 

1) Appropriate for Xfye composition 

^ material ^ , 

2) Appropriate for materials to be 
removed 

3) Appropriate for Subsequent use - J 
(Avoid introducing contaminants) 

•b Definite program 

1) Standardized, consistent, 
t " mandatory 

, 2) Analytical checks on effectiveness 

Labi^tory Supplies - Reagents, Solvents 
and Wfles™* 

1 Required purity depends on: 
,a What is measured' 

^h. Sensitivity of method 
* c Specificity of detection system 

2 Genera} guides 

If purity is not specified in the method, 
some general guides are: 

a General inorganic analyses 

1) Analytical reagent (AR) grade 
chemicals, except use primary 
standard grade for standardizing 
solutions. 

2) Distilled water and solvents free 

V of constituent 4* 

■ 

3) ' Commercial grade gases - 



M 
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Elements of a Quahty Assurance Program 



\ 



b Metals analyses by flame ' 

1) Spectroquallty chemicals for 
standards 

2) Spectroquallty recommended 
for other reagents ai^d solvents* 
though analytical reagent grade 
may be satisfactory* 

3) Acids shouid be distilled in • 
glass * 

4) Deionlzed distilled water 

K 

5) Commercial grade or laboratory- 
supplied gases ■* 

c Radiological analyses 

1) Scintillation gi;ade reagents and 
solvents 

2) High purity, extra dry gases 
with low radioactive background 

d Organic analyses 

1) Reference gfade when available. 
AR at minimum 

2) For gas chromatography (GO, 
various detectors require, absence 
of certain class ee 4 jof compounds, 
and may necessitate treatment 

of chemicals. . 

)) Pesticide quality solvents 
For GC, check assay. 

4) Type of detector, affects gae>~ 
quality required. Molecular- 
sieve carrier-gas filters and * 
drying tubes arc required o^ - 
combustion gases. 

3 Program for assuring quality 

a Written purity requirements 
according to methods utilized 

b Date all on receipt* 

c Observe shelf life recommendations. 
Dicard date on container. . 
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d Observe appropriate storage 
requirements. 

e Check assay for possible 
interferences* 

& 

f Run reagent and solvent blanks. 
* 

g As applicable, check background 
of reagents and solvents. 

h Run method blanks (all reagents 
and solvents) with every series 

. of samples or one for every 
nine samples. 

i Definite procedures for limits 
of error* clean-up procedures 
or application »of correction 
factors 

j Replace gas cylinders' at 
100-200 psi. 

/ 4 Procedures for removing impurities 

a Recrystalllzatlon 

b Precipitation 

c Distillation 



d Washing with solvents ) used in 
analysis 

e Aging (gas eg) 

f Others 

5 Reagent and standard solutions 

a Preparation ^ 4 \ 

1) Ose o£ primary, standaitf grade 
chemicals as required 

2) Careful weighing 

3) Class A volumetric glassware 

4) Appropriate quality distilled 
water or solvent 



5) 



Label listing compound(s), 
concentration, date of pre- 
paration or discard, preparer 
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6)TV*ry dilute standards prepared 
at time of use 



Elements of a Quality Assurance Program 



b Standardization as appropriate 

1) Use reliable primary standards 

2) Restandardize as required by 
stability. 

c Purchased solutions 

7 

U Shoul^contain chemicals 
specified by method 



2) Should be checked for 
accuracy 1 



d Storage * , 

1) Clean containers of material 
suitable for solution to be 
stored 

2) Tight-fitting stoppers or 
caps 

3) Safeguards against evaporation 
of solventi adsorption of ga^es 
and water vapor, effects of ' 
light or temperature, etc. 

e Signs of deterioration m 

1) Discoloration 

2) Formation of precipitates 

3) Significant change in 
concentration 

v Quality analytical performance^ 

A Skilled Analyst 

1 Appropriate and continuing training 

2 Willingness to follow specified 
procedures 

3 Skilled in manipulation of laboratory 
equipment and techniques required 
in analyses 

4 Understanding of basic principles 
utilized and design °' suiy instruments 

t. .. s/he uses* « 

\ 
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5 Knowledgeable and skilled in performing 
the analyses for which responsible 

6 Precision and accuracy performance 
acceptable 

B Establishing Analyst Precision 
• * 
Applicable exfcept for gas chromato- 
graphy and radiological instrumentation. 

V 

1 Seven replicates of fqur samples 
* covering the concentration range 

of applicability for analysts ^ 

2 Test among Voutine samples over 

two hours or more in normal operating 
conditions* v v 

• ' I 

3 Calculate the standard deviation for/ 
each set. 

4 Compare result to precision statement 
fqr method in the 'source of the procedure* 
(It may be stated as % relative standard 
deviation. If so, calculate analyst results 
in this former — — ♦ 

j * ' * 

5 Individual' 8 precision ^holild be better 
than roundrrobin precitfop results* 

C Establishing Analyst Accuracy 

* Exceptions: gas chromatography and 
radiological instrumentation 

1 Spike set of 7 precision replicates of ' 
concentration low in applicability range 
to bring final to-twice original. 

2 Spike set of 7 precision replicates of % 
mid- range concentration to bring final 

t6 about 75% of upper limit of applica*- 
billty. 

3 Test among routine samples £ver two 
hours or more in normal operating 
conditions* 

4 Calculate % recovery for each set using 
average of results from the precision 
check and the recorded spike amount^* 

5 Compare result to accuracy statement 
for method in th6 source of the procedure. 
(1^ may be stated as % bias, 1. e. , 

% recovery- 100%). 
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6 Individual's accuracy should be 
better than round-robin # accuracy 
results. 

Daily Performance Evaluation 

1 At least two standards (high and low) * 

analyzfed with a blank to verify an 

established standard curve (comparable 

operating conditions), 
■ * * 

2 Some methods require daily preparation 
of a standard ctirve, ' 

3 One of about every 10 samples should 
be a duplicate to check precision 
according to acceptable standard 
deviation (or % relative std, deviation), 

f 

4 One of about every 10 samples should 
be a spiked sample to check accuracy 
according to acceptable % recovery 

(or % bias), , 

Documentation of Daily Performance 

1 After 20 sets of duplicate data results 
or of spiked sample results have been 
collected, control charts for precision 
and accuracy, respectively/ can be 
constructed, , 

2 A variety of construction methods is 
available, l J 

3 Plot succeeding results on the 

appropriate chart, 
* * 

4 Charts document reliability of data. 

5 Charts give signal of out -of- control 
numbel^> trends toward out -of- control 
conditions, ifnprovecf^rformance, 
etc, 

(2) 

Interlaboratory Checks on Performance 

1 Quality Control samples for many 
constituents are available from EPA 
at no chkrge through EPA Regional 
Quality Assurance Coordinators, 
The concentration is provided with 
the aamp)e. These might be run 
ever/ three to six months. 



l 

2 Run split samples and compare 
results with the other laboratory, 

3 Run performance samples (unknowns) 
available from EPA at no charge, 

4 Participate in round-robin method "and 
-performance evaluation studies, 

5 Participate in laboratory evaluation 
programs, 

VI DATA HANDLING AND REPORTING* 

A laboratory must have a program for 
systematic and uniform recording of 
data* and for processing and reporting 
it in proper form for interpretation and 
use, 

A The Analytical Value 

1 Correct calculation f6rmulas reduced 
• to simplest factors for quick, correct 

calculations, 

2 Provisions for cross-checking calculations 

3 Rounding-off rules uniformly applied 

4 Significant figures established for 
each ^na}ysis 

B Processing * * 

1 Determine control chart approach and 
statistical calculations required for 
quality assurance and report purposes. 

i 

2 Develop report forms to provide 
complete data documentation and 
permanent records, and also to 
facilitate data processing, ' . 

* • 

a To avoid copying errors, the 

number of forms should be minimal* 

C Reporting * 

The program for data handling should provide 
data in the form/ units required f6r reporting* 



Elements of a Quality A&surance Program '_ 



D Storage * 

* 

1 For some types of data, laboratory 
records must be' kept rea&tyy available 
to regulatory agencies for a period of 
time. # 

2 A bound notebook or preprinted data 
forma permanently bound provides good 
documentation. 

» 

3 STORET Is a system for storage and 
retri£vaLof water quality data. It is 
a State/Federal cooperative activity 
which provides States with direct access 
into the central computer system. 

' * 

4 Many agencies Jiave access to local 
systems for storage and retrieval 
of data. 



VII SAFETY CONSIDERATIONS' 1 " 3 ' 

A Laboratory Facilities 

B Emergency Equipment 

C Program fo* Health Checks as Required 

D Program for Inventory and Control bf 
Toxic and Hazardous Materials*and 
Test Wastes 

E Safety Officer-Responsibilities 

1 Information 

2 Planning 

3 Inspection 

4 Implementation 

5 Evaluation 

6 Reports 



VHI EPA Regional QA Coordinators 

A Each of the ten EPA Regions has a 
Quality Assurance Coordinator! 
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1 Implements program in regional 
laboratory • * 

2 Maintains relations and serves as 
source of information for state and 
interstate agencies within the region 

3 Serves as hason for EPA's Environmental 
Monitoring and Support La bora tot} (EMSL). 

B The name* ^ddress and telephone number 
of the regional QA Coordinator can be 
obtained from the EPA Regional Adminis- 
trator's Offide or from EPA-EMSL# 
Cincinnati, Ohio 45268. 



IX SUMMARY 

Quality Assurance regarding water quality 
(or a4y type of) laboratory data requires 
planning, control and checking for every 
phase of the operation from sa^mple collec- 
tion through storage of the data* This out- 
line r eontains a basic checklist of information 
and itemq^to be considered whert developing 
a program to facilitate quality analytical 
performance by laboratory personnel. 

v 

To make the program effective, procedures 
mustrbe written, responsibilities must be 
clearly defined and assigned, and individuals 
must be accountable* Development and dally 
performance of such a program which meets 
the needs of an individual laboratory (or 
agency) will take time. Ccfosidering^the 
t - importance of the data produced* the invest- 
ment in assuring its reliability is a sound 
one. 
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A standard solution is one wh*>se com- 
position and concentration are known 
to a high degree of accuracy. In chem- 
ical analyses, it Is used to determine 
the concent rat iorf of a particular com- 
ponent in a sample. 

These chemical analyses uery frefltffently 
involve an acid-base reacttoa-^r an 
oxidation- reduction reaction. 

Three important terms connected with - 
these two types of chemical reactions 
are. mole, equivalent weight , and 
normality . These terms will be de- 
fined in following sections. 



ANALYTICAL CHEMICAL REACTIONS 

X • v 

As stated above, ma chemical analysis 
a volume of standard solution is brought 
into contact wfth a Volume of sample 
in order to determine the concentration 
qf soirrfe particular component of the 
sampl{». ^ t 

For a g i v e n volume of sample, it is 
necessary to use a definite amount of 
the standard solution- -too much or too 
little would* give erroneous results. 

For example, one cannot simply mix 
together random volumes of sodium 
hydroxide and hydrochloric acid solu- 
tions and expect the only two substances 
produced to be sodium chloride and 
.water. 

Unless the concentrations of the two 
reagents are kndWn and the amounts 
measured accurately, excess sodium 
hydroxide or hydrochloric acid will 
also remain at the end of {he reaction. 

The reason for" these limitations is 

that when molecules react with 

one another, they do so in definite ratio. 



Unless thenumber of molecules of each 
reactant is known, there will always be 
an excess of one of the reactants re- 
maining at the end of the chemical 
reaction. As mentioned before, this 
leads to erroneous analytical results. 

Because of their size t it is not possible 
to count o*ut numbers of molecules. 
\Iowever, the number of molecules in 
a quantity of a chemical may be found 
by determining its weight and consulting 
a table which lists the weights of the 
oms making up the chemical. 



G For example* sodium hydroxide has the 
formula NaOH. It can also be stated 
that a molecule of sodium hydroxide 
consists of one sodium atom, one hy- 
drogen atom and one oxygen atom. 

* One sodium ktorryweighs 23 atomic 
mass.units (amu). An oxygen atom 
weighs 16 amu, and a hydrogen atom s 
weighs 1 amu. 

Amolecule/of sodium hydroxide, there- 
fore, weighs 40 amu, all amu values 
have been rounded off. Forty amu is 
the molecularw eight of s od ium hy d r ox I d e . 

4 

H A mole of any chemical is a number of 
grams numerically equal to the"mol£c-* r 
ular weight of that chemical* One mole 
of sodiirtn hydroxide, 'therefore, con- 

\ ' tains # 40 grams *(40 g). 



Similarly, the atomic weight of a 
chlorine atom is 35 amu, that of a hy*i ^ 
drogen atom is 1 amu; and the molecr \ 
ular weight of jfhe hydrogen chloride 
molecule is 36 amu. One mole of hy- 
drogen chloride weighs 36 g. 

Synonyms for mole are. mol, gram 
mol, gram mole, and gram molecular 
weight. 



K Tables listing atomic weights of the 
elements can be found in virtually all 



\ 
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of the texts used for high school and" 
first ye*r college chemistry courses. 

The remaining two terms mentioned in 
I C (equivalent weight and normality) 
willbeconsideredas they are related 
acid'ba se and oxidation-reduction reac - 
t ions * 



III ACID-BASE REACTIONS 



A Recall that an acid is a^substance which 
, donates a hydrogen ion, or proton, (H + ) 
in a chemical Reaction and a base'is a 
substance which donates a hydroxide ion • 
(OH*) or accepts a proton in a chemical 
reaction. Reactions involving these processes 
are called acid-base reactions* 

B In the case of sodium hydroxide", the 
molecular weight is 40 amu and one 
mole of sodium hydroxide weighs 40 g. 
One hydrdkide ion is contained in fhe ^ 
sodium hydroxide molecuje. 

1 For a base, the number of grams * - 4 
in a mole divided by the number of 
hydroxide ions eqUals a quantity 
called the equivalent weight . Ex* 
&mples are given below. All amu 
values have been rounded off# 



For an acid, the number of grams 
in a mole divided by the nqmber of 
hydrogen ions is the equivalent 
weight. Examples are given ,below. 
All amu values have been rounded 
off. . 

a Acid nitric acid HN0 3 f* 

Atoms Number Wt/atom Total 

H 4 1 amu 

tR 1 14 

O 3 16 



1 amu 
14 
48 
63 amu 



.One mole of HN0 3 a 63 g 
Number of hydrogen ions - 1 
Equivalent weight of HNO3 s 63 g 



b Acid - sulfuric acid H 2 S0 4 

Atoms ' Number Wt/atom 

H 2 1 amu 

S 1 TZ— 

O 4 ' 16- 



Total 
2 amu 
32 
64 
98 amu 



/ 



in/ 



/ 



a Base -pptassium hydroxide KOH 

Atoms Number Wt/atom 
K ■ 1 39 amu 

O 1 16 

H 1 1 

One moli-of k6h 9 56 g 
Number of hydroxide ions " 
Equivalent weight 'of KOH 1 



Total - 
39 amu 
16 
1 

56 amu* 
1 

56 g 



b Base • calcium' carbonate CaCO. 



Atoms 
Ca * 

C 
O 



Number 
1 
1 
3 



Wt/atom 
40 amu 
12 
16 



Total 
40 amu 
12 
48 

100 amu 



6ne mole CaC0 3 * 100g 

Number of photons (H* ) it can accept » 2 

Equivalent weight of CaCO^ » 50g 



One mole of H 2 S0 4 * 98 g 
Number of hydrogen ions ■ 2 
Equivalent weight of H2SO4 ■ 49 g 

Normality is a method of expressing 
solution concentrations. If one 4 equiv- 
alent wejght of a chemical is dissolved * 
In a solvent and the volume brought to 
one liter (1), the c oh cent ration of the 
solution is one normal (N). 

1 , The equivalent wei^t of KOH was 
calculated to be 56 g. This amounr 
of the s6Sd dissolved in water and 
diluted to a liter would givjd a 1 N 
solution. 

2 The equivalent weight of HNO3 was 
found to be 63 g 4 Thi^quauiity of * 
acid diluted to a liter would give a 
1 N solution. 



IV OXIDATION-REDUCTION REACTIONS 

A The concepts of mole, equiya lent weight 
and normality, as described in previous 
sections, apply also to oxidation- 
reduction reactions* 
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On^ definition of an oxidation is that it 
Involves an increase In the oxidation 
state (charge) of an atom. 



^or example, FeCl 2 — - FeC^. In this 
conversion t^ie Fe has been oxidized 
from +2 to ,+3* ■ » • . 

A reduction is a*decrease in the oxida- 
tion state (charge) of an atom. 

For example. KMnO^ — Mn0 2 ^ In this 
conversion the Mn'has been reduced 
fronp +7 to +4. 

The equivalent weight of an oxidizing 
orreducing agent Is calculated^ 
dividing the number of grams in a mole 
of the reagent by the change in charge 
involved. 

For example, 'FeC^ (used as a reducing 
agent). ^ 



Atoms Number 
Fe 1 
CI 2 



Wt/atom Total 
56 amu 56 amu 
„ 70 70 

126 amu 

One mole of FeCl2 * 126 g 
Change in charge * 1 . . 
Equivalent weight of FeCl2 ■ 126 g 

The concentration of a liter of solution 
which contains 126 g of FeCl2 is 1 N. 

V VOLUMETRIC ANALYSIS 

Volumetric analysis involves a titration which 
is the process of determining the strength or 
concentration of an accurately measured volume 
of sample by reacting it with an accurately 
measured volume of a standard solution. 

A Chemical Reactions 

Chemical reactions take place during 
the titration. Acid-base reactions and 

oxldatlon-reductton (redox) reactions 
are commonly utilized in water quality 
titrations. 



v 



B pomplete Reactions s * ' 

All of the sample component of 
interest must react in order to 
quantitatively determine its concen- 
tration. You need some indicator 
of when the reaction is complete. 
Two types of indicators are those 
you can detect visually (e.g. appearance 
ot a color) or by a change in an 
electrical property (e, g, amperage) 
• when the reaction is. completed! 

C Volumes 

The volume of sample and of the 
reacting standard solution must be 
measured very accurately. 

1 Sample - The sample is measured 
into the titration vessel. Ordinarily, 
a plpet Is used for the measurement 

1 unless the volume exceeds 100 ml. 

2 Standard Solution - A btiret is used 
to measure the standard eolation 
required to complete the reaction. 

D Concentrations m 

1 The concentration of the standard 
solution is expressed /either in 

• moles per liter (molarity) or in 
equlvalent'welghts per l}ter 
(normality). A detailed discussion 
about calculating moles and equiva- 
lent weights can be found in' I II * 
and IV above. 

2 Sample - The concentration of the 
constituent of interest in the sample 
Is determinedly calculation (next). 

£ Calculations * „ 

1 The basic relationship utilized 
in these calculations is: 

(Normality) (Volifme) of the sample 
equals (Normality) (Volume) of 
the standard solution. 
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At the end of a titration, three 
of the four factors are known, 
so it is very easy to calculate 
the one unknown: * h 

(1) N of sample - (NxV)pf standard 



V ofte 



ample* 



Normality expresses the number 
of equivalent weights of the.consti- 
Yuent present in the sample. To 
convect normality to an expression 
of weight, this relationship applies: 

(2) grams = (No. Eq. Wts) (Eq. Wt. ) 

Since N of sample equals the 
No. Eq. Wts, we can substitute 
formula (1) for (No. Eq, Wts.) in 
formula (2). above to yield this 
calculation formula for g of sample: 

(3) g =* | (N x V) of standard] »(Eq. Wt, ) 

. V of sample 



To express the Weight of the consti- 
tuent as a concentration on a per 
liter basis, another factor is added 
to the combined formula (3) to give 
the final calculation formula: 

(4^ g * ( (N x V) of standard^ (Eq. Wt. ) (1000) 
V of' sample 



N std - The standard acid used is 
known tfTbe a cerj^ln normality 

50 - equivalent weight of CaCD 3 

■ » 

1000 - result is to be expressed as 
- a per liter concentration 

ml sample - measured at beginning 
pf titration 

VI PRIMARY 'STANDARDS 



A A reagent of known purity is called a 
primary standard. Primary standard 
grade chemicals are available from 
chemical supply houses and the National 
Bureau of Standards. An accurately 
measured quanftty of a pHmary stand* 
ard is used for the preparation of 
standard solutions. 

B Other requirements of a primary stand- 
are are: 



Whbre V Is in liter units and Eq. 
is In grams. 



Wt. 



The formula can be used to find mg 
if V is in ml.units and the Eq. Wt. is 
expressed In mg. 

An example of the application of the 
formula to express the results of an 
alkalinity titration #ould be: . 

(V ol stdXNstj) x ! 
ml .sample 



CaCOj* 



SO x 1000 



where: 

Vol std* the volume c5f a standard 
iolution*of acid measured by a buret 
during the titration. * < 



1 It taust be stable at/105°C (the 
temperature used for drying). 

2 It should not be reactive with com- 
ponents of the air, sucSh as <^2 an ^ 
C0 2 , ; 

3 It should have a high equivalent 
weight so as to minimize any 
errors In the analysis. 

4 It should be readily available at a 
reasonable cost. 



VIl^ STORAGE OF STANDARD SOLUTIONS 

A Standard solutions should be prepared 
uslpg high quality distilled water. * 

B Carp should be taken to Insure 'the 
cleanliness of the glass or plastic 
bottle used for storage* 
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^ Some solutions may decompose on ex- 
posure to light and should be stored in 
dark bottles. ; s> 

D The stopper or c^p should 4 fit tightly. 
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•ACIDITY.- ALKALJlWTY, pH AND BUFFERS 




1 . DEElNITIONSfOF ACIDS AND BASES** 
* * i s 

aTA rirTienius Theory of Acids and Bases * 

(Developed about 1887) , . . 

• * 

1, Acid» A substance which produces, 
in aqueous Jolutiop, a hydrogen ion 
' a fpraton), H*« * * 

"2 Base H substance which produces, 
in aqueous solution, a hydroxide 
ion. OH'. ■ , ( • 

' V ^ 

3^. x .^The Ti rrheniua. theory was confined 

to the use of water as a solvent. 




fonsted and Ltfwry Theory of Acids 
d Bases (Developed about* 1923) 

\ ' ' ■ 

A^d: A substance which donates, 
. in chepiical reactioji, a hydrogeo 
ion (prdton). * \> . 

Bas^PA substance which^Ccepts, 
in chemical reaction,,, a hydrogen 
"ion (protoh). * , * 

Bronpted and Lowry had expanded 
th% acid-base concept into non- 
aqueous media; i.e., the solvent 
could, but cyd not have to be, water. 



C Thjre are other acid-base-theories.-wThe, 

fwo above are probably the most commonly 

used ones when discussing wastewater 

, topics hoover. ^ ' 

► 

II DEFINITIONS OF ACIDITY. • 
ALKALINITY AND NEUTRALITY 



A Acidity dt a Water: , 

9 

M • 

T Its quantitative capacity tor neutralize 
a'stronf^base to a designated pH. 

B Alkalinity oHt *ater: 

* ■ * 

Its quantitative .capacity to neutralise 



a strong tcidjto a designated pH. 



1 
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Neutrality 
1 



It is possible to have present in 
the water chemically wuivalent 
antojints ot acids and rafees.>- The 
water would then be described a^ 
being neutral, i,e., there is a 
preponderance ofTfeitheracid nor 
basic materials* The occurrence fi 
of such Condition would be rare. 

' ■ ./Y • 

The term "neutralizations ref^frs to f 
the combining of/chemicaily equiv- ' 
alent amounts oxacids and biases, « 
The tw9 prockrcts of neutralization 
are a salt and water* 



HC1 
• • 

Hydro- 
chloric 
acid 



NaOH ' 

» 

Sodium, 
/droxide 



NaCl + H 'O 





D Acidity and/or alkalinity are measure- 

* ments'of a gross property of a wat£r 
. rather than of specific acids or bases 
present* * , 



4 111 HOW ARE DEGREES OF #C1B1T.Y AND 
ALKALINITY EXPRESSED Q 

The pH scale is used io express various 
degreed of jacidity and alkalinity. Values 
can rang^from 0 to 14. These two ex- 
treme's are of theoretical interest and 1 
are not often encountered in ^natural r 
water or in a waste water* pH readings 
from 0 to just under 7 indicate an 
. Acidic condition; from Just over 7 to 14,- 
an alkaline condition. Neutrality exists 
if the pH value is exactly 7, pH paper* 
or a'pH meter provides the rpost 
/^convenient method of obtaining pH ' 
v J Vdadings. It should be noted, that 
y m 'uiider NPDES* Methodology, pH 

measurements are to be made using a 
pH titter. • Some common liquids and 
pH values are listed in Table 1. 



♦National Pollutant Discharge 
• Elimination System. 
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TABLE 1. pH Values of Common Liquids 


Household lye ** % ' \x 
Bleach 4 ^ 


13.7 


12.7 


Ammonitf 


11.3 - " 


Milk of magnesia 


10.2 


Borax 


. 9.2' 


Baking soda \ _ 


m 8 V 3 


Sea water 


1 8.0 


B16od 


7.3 


Distilled water 


7.0 


Milk 


* 6.8 * 


Corn 


6.2 


Boric acid * 


5.0 


Orange iuice 


4.2 


Vinegar V 


2.8 


Lemon juice 


2.2 


Battery acid 


0.2 


5.9 - 8.4 is the common pH range for most 


natural waters. 
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IV HAJfcD AND TSOFT WATERS 

* 

In addition to being acidic or basic, water 
can also be deffdN^d as beifijfhard o^ soft, 

A' Hard water contains large amounts of 
calrfum, magnesium t strontium, man- 
ganese and iron ions, relative to the 
amount of sodium and potassium ions 
present. ^lard water is objectionable 
because it forms insoluble compounds 
with ordinary *soap. 

B Soft water contains small amounts of 
calcium, magnesium, strontium, man- 
ganese and iron ions, relative to the 
j. amount of sodium and potassium ions 
present. Soft water does not fo*m* in* 
soluble compounds with ordinary soap. 



V TITRATIONS ' 

A The*conyersion of pH readings into such 
(Quantities as milligrams (mg) of acidity, 
alkalinity! or hardness, Is not easily 
carriedout* *nfeSe values are more 
easily obtained by means of a titration* 

B In a titration, an accurately measured 
volume of sample (of unknown strength) 
is combinedwith an accurately measured 



D 



volume of standard solution (of known 
strength) in the presence' of a suitable 
indicator* 

4 

Jthe strength (called normality) of the 
eampltf Is then found using the following 
Expression: 

milliliters (ml) otSsample X normality 
(N) of saVnple ■ ml of standard solu- 
tion X N of standard solutio^. 

Three of the four quantities -are known, 
and 

"N of sample ■ ml of standard solution 
X N of standard solution/ml of ft*£(*ple, 

in modified form, and a more^ppeciflc 
application of the above equation, 
alkalinity is calculated in the following 
manner: 

mg of alkalinity as mg Ca'COs/Kter (1) 
- ml of standard H9SO4 X of standard 
H 2 S0 4 X 50 X 1000/ml sample. 



/ 

.VI INDICATORS ' 

The term "suitable Indicator" was used 
above. At the end of a titration, the pH of 
the solution will not necessarily be 7. It 
may be above or Uelow 7. A suitable indi- 
cator, therefore, is one which undergoes 
its characteristic color change at the appro- 
priate pH. Below are a few examples of 
indicators and the pH range in which they 
undergo their characteristic color changes. 
In eomp cases, mixed indicators may be 
used \n order to obtain a sharper and more 
definite color change. Again it should be ndt<;d 
that under NFDES, pH ftieters are totoe used 
for the n^easuroment of pH* 
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Operational 


.Indicator 


pH Range 


Methyl Yellow 


2.8- 4.0" 


^Methyl Orange 


■3.-1 4.4 


Methyl Red 


4.4 - 6.2 


Cresol Purple 


7.4 - 9.0 


fcPhenolphthalein 


8.0- 9.6 


WAllzarine Yellow 


10,0 -.12.0 


• TABLE 2. pH Range 


of indicators 
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VII BUFFERS 

A A buffer is a combination of substances 
which* when dissolved In water, resists 
a pH change in the water, as might be 
caused by the addition of acid or alkali. 
Listed below are a few chemicals 
which, when combined in the proper 
proportions, will tend to maintain the 
pH in the indicated range, ■ * 



Chemicals 1 


pH Range 


AceticAcid + Sodium Acetate* 


3.7 - 


5.6 


Sodium DlhydrtJgen Phosphate + 






DisodLum Hydrogen Phosphate 


5.8 ) 


8.0 


Boric Acjd + Borax 


6.8 - 




Borax + Sodium Hydroxide 


9.2 - 


11.0 


TABLE 3. pH Range of Buffe 


rs 





B 



A buffer functions by supplying ions 
which will react with hydrogen ions 
(add "spill"), or with hydroxide ions 
(alkali "spill"). 

In many instances, 'the buffer.is composed 
of a weak acid and a salt of the weak acid; 
e.g. , acetic acid and sodium acetate. 

1 In water/ acetic acid ionizes or 
"breaks down 11 into hydrogen ions 
and acetate ions.' 

HC 2 H 3 0 2 ■ & H+ + C 2 H30 2 " 

(acetic acid) (hydrogen i«) (acetate ion) 
r » (proton) 

This ionization, occurs to only a 
slight extent, however, most of the 
acetic acid remains in the forrnof 
HC 2 H302; only a small amount of 
hydrogen and acetate ions is formed. 

2 Thus, acetic acid is said to be a % 
weak acid. 



4 The terms ''strong 1 ' and "weak"are 
also applied to bases. In wa'ter 
solutions, those which break down 
into their component ions to a large 
extent are termed "strong", and 
those which dcsnotare "weak". 
Sodium hydroxide is^ relatively 
strong base, while ammonium t 
hydroxide is realtively weak. 

5 Sodiumacetate (a salt of acetiCacid) 
dissociates or "breaks down" into 
sodium ions and acetate ions when 
placed in water. 

NaC 2 H 3 Q 2 » Na + + C 2 H 3 0 2 " 

(sodiun^cetate) (sodium ion) (acetate ion) 

T^Ls dissociation occurs toa large 
extent, and practically all of the 
sodium acetate is in the form of 
sodium ions and acetate ions. 

It would bfe difficult and expensive to 
prepare large quantities of buffers for 
use in a treatment plant. However, 
certain naturally occurring buffers may 
be available (carbon dioxide is an ex- 
ample). It dissolves in water to form 
the species indicated below. 



C0 2 + H 2 0 
(carbon dioxide) (Water) 



■ H^COj ' 
(carbonic acid) 

H 2 £O s " H + + HCO s " 

(hydrogen ion) (hydrogen car- 
(proton) bonate ion) 
(bicarbonate) 

The hydrogen ions react with hydroxide 
ions which might appear in the water 
as the result of an alkali "spill 11 . 

H* + OH" ■ H 2 0 
(in the 
buffer) 



OH" 

(hydroxide ion 
"spilled") 



In the case of otheracids, ionization* 
into the component ions-occurs toa 
large degree, ariStJje lerm strong ac 



\ 



is applied^e.g,,, hydrochloric acid. 
HC1 « H + + * CI" 



(hydro chlorfc 
acid) 



(hydrogen ion) 
(proton) 



(chloride 
ion) 



The hy3Fogen carbonate ions react with 
Hydrogen ioi}8 which might appear in 
the water as the result of an acid "spill* 

+ HC0 3 - " H 2^°3 
(hydrogen ion) (in the 
(proton) buffer) 
"spilled" 

■ 

This buffering action will be in effect as 
long as thesis -carbonic acid present. 
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Acidity. Alkalinity, pH and Buffers 



E Buffering action ts not identical with 
a process in which acid wastes are 
"neutralized" with alkali wastes, or^ 
conversely* The desired effecMs 
kchieved in both cases, however (ire. 
tiie pH is rivaintained within a desired*' 
rknge.) 



\ 



v 



t Th^jR outline was prepared by C. R, 
Feldmann, Chemist, National Training and 
Operational Technology Center, ) # 
OWFO, USEPA, Cincinnati, Ohio 4£268. 



Descriptors: Acids* Acidity, Alkalis* . 
Alkalinity, Analytical Techniques, Buffers, 
Buffering Capacity* Chemical Analysis, 
Hydrogen Ion Concentration, Indicators, 
Neutralization, Water Analysis, 
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ALKALINfTY AND RELATIONSHIPS AMONG THE 
VARfOUS TYPES OF ALKA UNITIES 



I PRELIMINARY 

The property of water referred to as alkalinity 
is usually caused by the presence of hydroxyl, 
parturiate and bicarbonate ions. To a lesser 
extent, borates, phosphates and silicates 
contribute but are generally present in 
negligible amounts. 



The concentration and ratio of the OH , CO^ , 
and HC0 3 ionk may be measured by titrating 
a sample to certain specified pH's or end 
points which are detected either by use of a 
pH meter or by color indicators.' Phenol- 
phthalcin is used for visual detection of the 
first end point, (approximately pH 8) which 
indicates the neutralization of NaOH and con- 
version of CO^ (o HCO3 .^A number of • 
indicators (methyl orange, methyl purple, 
brom cresol green,etc. ) are used for detection 
of th£ second end point (pH 3-5) which indicates 
the complete conversion of HCO * to H^O antf 
CO^. f The final end^point is determined by 



the amount of CO^ and HCQ 



3 originally 
If the end points are 



II RELATIONSHIPS BETWfiEM HYDROXIDE, 
CARBONATE, AND BICARBONATE 
ALKA UNITIES 

The results obtained from phenolphthalein 
and total alkalinity measurements offer a 
means of classification of the principal 
forms of alkalinity, if certain assumptions 
are made* ^Hmust first be assumed thaj ' 
interferences are absent and that bicar- ' 
bonate and hydroxide do not exist in the 
same solution. Acc#ijding to the system t 

(1) 

presented in Standard Metfidds^ J 

A Hydroxide alkalinity is present if the . 
phenolphthalein alkalinity is more than 
one-half the total alkalinity. 

B Carbonate alkalinity is present 1/ the 
phenolphthalein alkalinity is not zero 
but is less than the total alkalinity, 

C Bicarbonate alkalinity is present if the/ 
phenolphthalein alkalinity is less than v •» 
one-half the total alkalinity. 



present in the sample 
determined electrometrically they are taken * * 
as the mid-point of the greatest rate of pH ■ » 

change per unty volume of titrant* 

Table 1. Relationships Between Phenolphthalein Alkalinity, Total Alkalinity, 
Carbonate Alkalinity, Iglcarbonate Alkalinity and Hydroxide Alkalinity 



Lecture 
Note's 



Cqse 1 

Case 2 

,Case 3 

Case 4' 

Case 5 
1 



Result of 
Titration 



p M T 

P • i T . 
P - o 

p,>Mt 
p < \r 



OH Alkalinity 
as CaCO„ \ 



. T 

it o 

o 

2P-T 
O 



— T 

Phenolphthalein Alkalinity 



CO, Alkalinity ThCO- Alkalinity 
asCaCO„ fas'CaCO,, 



O 
2P 
• O 
2(T-P) 
'J* 



O 

o . 

T 
O 
T-2P 



T" - Total Alkalinity 
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Alkalinity and Relationships Among the Various Types of Alkallnities 



Table 2. Stokhjometrig Volumes of Solutions of Different Normalities 



Standard Solution 


H 2 S0 4 . 


NaOH 


Na 2 C0 3 


NaHC0 3 


Normality 


0.0200 


0.0189 ' 


0.0199 


0.0125 


Equivalent Volumes, ml 


10,6 ^ 


10.6 


9.9 


16.0 




9.4 * 


10.0 ; 


9.5 


15.1 


# 


10.0. 


10.5 ' 


10.0 


15.9 




6.3 


6.6 


6.3 


10.0 



ffl CASE EXAMPLES 

The relationships Involved in Table 1 may 
best be explained by reference to the, following 
graphs. These were prepared by titrating 
volumes of ♦standard solutions of sodium 
hydroxide, sodium carbonate, and sodium 
bicarbonate with standwd sulfuric acid. 9 . 
The stoichiometric volumes of the various 
solutions are summarized in Table 2 for 
convenience* in the interpretation of the charts. 



A CASE 1 - Where phenolphthaleln alkalinity 
* total alkalinity ^ 



B CASE 2 - Where phenolphthaleln alkalinity 
* one-half the total alkalinity 




-L 



-L 



1* f\ W t> 

ty ■ 1 n 



* 

ft* 





-V — 1 — 


"I T 


-i 1 












V 












\ 

1 l \ 












ML t OJO 


n n a io ( *m»rr> 






c 







The sharp break occurs at the point where 
ay of the NaOH ha* been exactly neutral- 
ized by the acid, The pH and 'concentration . 
of the end products (Na 2 SO. and H 2 0) 
determine the pH at the, equivalence point 

between NaOH ana H 2 S °4 ; 1x1 case# 
approximately 7.0, 



The titration proceeds in 2 stages *whorein 
all of the CO r " is converted, first to 
HC0 3 "ind finally to H 2 C0 3 . -The first 
end point occurs at approximately pH 8, 
and at exactly half the volume of acid 
used for the* total titration. The end point 
which occurs at approximately pH 4 m 
represents the total alkalinity and requires 
exactly twice the volume of acid used for 
the first end point* 

If either HCO " or OH* ions had been 
present the titration volumes for the curves 
would not havel>e£n of equal magnitude* 
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C CASE 3 - Where phenolphthaleln alkalinity 
' 0 




The reaction proceeds in one stage with 
the initial pH at approximately 8.5 and 
filial pH at 4. 0. In this case the phenol- 
phthalein alkalinity_is zero and since no 
conversion of CX> 3 " to HCX> 3 is noted the 
total alkalinity can only be due to the 
>HCO' ion. A 



similar for each end point, it is apparent 
that a base responding to phenolphthaleln 
but which is not C0 3 must be p re sent. _ 
Sisjfie it was originally assumed that OH 
and HC0 3 ~ do not* exist iji the same 
solution we must conclude that the^ total 
alkalinity is due to OH* and C0 3 " . 

CASE 5 - Where phenolphthaleln alkalinity 
is less than one half of the total alkalinity 



<T> > V> Wis? 



1 - > 



1 



D CASE 4 - Where phenolphthaleln alkalinity 
is greater than one- half the total alkalinity 




T 



4T> tSO IXHHT _ 



-L 



[jo Ml " * H*0*< • 



ao v* *> 

Wt • vjo PI «jSO % Af>lJTD 

v< 

The volivne of acid required for the first 
end point (phenolphthaleln alkalinity) is 
due to the OH neutralization and con- 
version of the C6 3 V to HCO ~ 'The 
second end point represents the complete 
conversion of HC0 3 to H CO . Referring 
to C^pe 2 where the volume oxacid was 



If, in the reaction J*aOH + NaHCO^ 
Na 2 C0 3 + HjP, the tfaOH exists in 
excess quantity, the final sample con- 
tains NaOH and Na^COj, (Case 4) in 
which the volume oi acid required for 
the phenolphthaleln end point is greater 
than one half the total. In Vttfs case, 
however, the situation is re^rsed, 
wherein the volume of $cid required 
**or the HCO " end point is greater than 
one half the total. Referring again to 
the reaction NaOH + NaHC0 o — Na#0„ 



H 2 0, 



if NaHC0 3 is in excesJ 



the en% 



and 
The 



products must consist of Na^CO^ 
NaHC0 3 and OH* must be absent, 
end points consist, therefore, of Na C0 3 
-* NaHCOj (phenolphthaleln end point) 
.and NaHCC^ — H 2 CC V 
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Alkalinity and Relationships Aropng the Various Types of Alkalintttes 



F CASE 6 - Where phenolphthalein alkalinity 
is greater than one-half total alkalinity. 



ITf> * HI) W>tWT 




Following the original assumption that ^ 
OH" and HCO^" are not compatible, with 
being converted to CO "~ we have 
a condition similar to C&se 4 (P.> £t)« 

G CASE 7 - Where phenolphthalein alkalinity 
is greater than one-half total alkalinity. 



It 




1 


1 


1 


I I 1 














* 




■ 






*"* — ■ | t f> mo pOiHT » 


1 




1 




I 


11 1 


< 










i* i* */ i% 



and — * a volume of acid required 

for conversion of C0 3 " to HC0 3 ", The 
second" end point occurs at _ * 

< 10 + 12 - 6) ml, the volume of HC0 3 " 

which is converted to H CO- This, theh, 
becomes the same as Case 3. 

■\ 

IV COMPARISON OF ANALYTICAL 

1 METHODS FOR ALKALINITY (According 
to the Analytical Reference Service 
.Report JAWWA Vol. 55, N6. 5, 1963) 



DCTUWIKAT10K METHOOS 
TABLE 2— Si**M«*l Summary U~U) 



4 



Or>U M 



Cktiromrtric 
< 

Mud unfetter 

Bwi cmol 
A8 Mttod* 



1956 




19 


200 


11 n 




*2 


f 

5 049 




19 


17 


19 5 




|,r 


± I 


2 4U 




27 


42.3 


417 


SI 


50 


* 14 


1250 


»56' 


14 


19 - 


19 7 


19A 


210 


* 1 » 


0911 


1951 




17 


194 


15 


U 


* 2 


2 740 / 


1*1 


« 


42.3 


44 2 


J*9 


57 


at 24 


JW5 


IW 


1 


19 


14 7 


144 


152 


* 4 


0 475 




10 


17 


19 J 


II 


21 


* 2 


0I2J 




II 


42 5 


441 


40 


SO 


± 14 


J0SI 


1951 


4 


17 


I9J 


II 


20 


± J 


1JXO 


1*1 


1$ 


«J, 


421 


J9 


49 


± 1 


1450 


19S1 


1 


17 * 


19 


19 


19 


* 2 




IW 


«0 


19 


19 2 


II 2* 


3ao 


* 2 


i 4W 


im 


n 


17 


19 6 


15 


25 


* 2 


2 120 


1*1 


m 


424 


4*9 


25 


57 


* 19 


54J5 



The first end point occurs at the stoichio- 
metric sum of the equivalent volumes aa> 
follows; 



(9.4 - S<3) + 



(10 + 12.6) 



where (9. 4 - 6*3) ■ volume of N acid 
acquired for excess OH after OH + 
HC0 3 ' reaction, 
f 



Alkalinity - The methods for alkalinity 
measurement varied onljJ in the choice 
of indicator or pfi for determining the 
end point of the titration. The indicators 
used included methyl orange, methyl 
pyrple, and mixed indicator. The data 
shows that as the.use of electrometrlc 
end point increased, the use of methyl 
orange decreased. 
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Alkalinity and Relationships Among the Various Types of Alkalinltles 



SUMMARY 



17 mg/l (as CaC0 3 ) 
3.1 mg/l 



Amount Added 

Avg. Deviation from 
amount added 

Standard Deviation 3 . 4 mg/ 1 
I 

50% Range 2.0mg/l 

Method Most Commonly Electrometric 
Used 



Method Preferred 

Total Number of 
Observations 



Electrometric 



41 



V PROCEDURE 

• * 

The actual measurement of alkalinity is a 
very simple procedure requiring only titration 
Qt sample with a standardized acid and the 
- proper indicator. For phenolphthalein 
alkalinity,.- the end point and indicator are well 
established. For .the bicarbonate titration 
the final end point is a function of the HCO * 
concent ration ♦ With low amounts (<50 mg/l 
as CaCOg) the pH at end point may be 
approximately 5.0* With Yd$x concentrations 
(>250 mg/l as CaCOJ the pH at end point may 
be 4.5 to>3.8. For all-purpose work, in 
which the highest degree of accuracy is not 
required, an end point at pH 4.5 using methyl 
purple as the indicator is recommended. 

The traditional methyl orange frequently 
prtwes to be unsatisfactory because of the 
indefinite color change at the end point and 
alao because of the low pH (3.8 - 3.9) 
required to establish the change. 



VI 
\ 

A 



EPA^ANALYTICAL METHODS 



>A^N 



The Environmental Protection Agency, 
Office of Water Programs, has compiled 
a manual of Analytical Methods which is to 
be used in Federal laboratories for the \ 
chemical analysis of water and waste samples. 
The title of this manual is M Methods-for 

(2) 

Chemical Analysis of Water and Wastes." 

B This manual lists two parameters whrch 
are related to the subject matter In this 
outline. Tney are total alkalinity and 

— 4otal acidity. 

C For the measurement of both of these 
parameters, the recommended method 
is volumetric, with the equivalence point 
being determined electro metrically. 
The use^f a color indicator (methyl orange) 
is recommended only for the automated 
method. 

REFERENCES ' 

1 Standards Methods for the Examination^ 

Water and Wastewater, 14th Ed. 
APHA, Inc., New York. 1976 

- > 

2 Methods for Chemical Analysis of Water 

and Wastes. EPA-MDQAR^, Cincinnati, 
Ohio 45268, 1974. 



t 



This outline was prepared by R. C. Kroner, furmer 
Chief, Physical and Chemical Methods, 
Analytical Quality Control Laboratory, National 
Environmental Research Center, Cincinnati, 
Ohio 45268." 

Descriptors, Alkalis, Alkalinity, Analytical 
Techniques, Buffers, Buffering Capacity, 
'Chemical Analysis, Water Analysis 
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DETERMINATION OF CALCIUM AND MAGNESIUM HARDNESS 



I INTRODUCTION 

A Definition of Hardness - 

USPHS - "In natural waters, hardness 
is a characteristic of water which re- 
presents the total concentration of just 
the calcium and magnesium ions ex L 
pressed as calcium carbonate. If 
present in significant amounts, other 
hardness-producing metallic ions should 
be included, " 

B Other Definitions in Use ' m 

1 Some confusion exists in understanding 
the concept of hardness* as a result of 
several definitions presently used, 

2 Soap hardness definition includes hy- 
drogen ion because it has the capacity 
to precipitate soap.* Present definition 
excludes hydrogen ion because it is not 
considered metallic. 

3 Other agencies define hardness as 
"the property attributable to presence 
of alkaline-earths* 1 . 

4 USPHS definition is best in relation 
to objections of hardness in water. 



II CAUSES OF HARDNESS IN WATERS OF 
VARIOUS REGIONS OF THE U. S. 

A Hardness will var> throughout the country 
depending on: 

1 Leaching action of water traversing 
over and through various types of 
geolpgical formations* 

2 Discharge of industrial and domestic m 
wastes to water courses* 

3 Uses of water which result in change 

» in hardness, such as irrigation and / 
water softening process/ 
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B Objections to Hardness 

1 Soap- destroying properties 

v 2 Scale formation 

C Removal ahd Control 

Hardness may be removed and controlled 
through the use of various softening oper- 
ations such as zeolite, lime-soda,* and 
hot phosphate processes. It can also be 
removed by simple distillation or com- 
plex formation with surface active agents 
(detergents). 

Ill ANALYTICAL PROCEDURES 

A National Pollutant Discharge Elimination 
System (NPDES) 

Under the NPDES of the 1972 Federal Water 
Pollution Control Act Amendments* analyses 
are to be performed using "approved" 
analytical procedures cited in the Federal 
Register Guidelines Establishing Test 
Procedures for the Analysis of 
Pollutants. The cited procedures are 
- found in Standard Methods* ^ Annual " 
Book of ASTM Standards' 2 ', and Methods 
for Chemical Analysis of Water and 
Wastes* 3 '. The three relevant para- 
meters are: tqtal hardness, total and 
dissolved calcium, and total and dissolved 
magnesium. > % 

B Total Hardness 

1 Total hardness may be deter mine<J by 

titrating tffe buffered sample with 
k ethylenediamine tetraacetic aqid <EL>TA> 
at/a pH of 10. 0± 0. r using a dye »uch 
as Eriochrome # Black T indicator. 
A color change from rose to blue is thd . 
end-polxrt. Either daylight Or a. 
fluorescent lamp should be used for 
illumination. Incandescent lights pro- 
- duce jaVeddish tinge at the epd-point # 
Certain metals such as iron/ manganese, * 
nickel, zinc ahd others, interfere with 
end-point clarity. 

9-1 
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Determination of Calcium and Magnesium Hardness 



Chemical inhibitors are needed to tie 
up the interferring metals. Some - 
inhibitors contain sodium cyanide, and 
extreme caution must be observed when 
they are used- * 

In the automated procedure, magnesium 
EDTA exchanges magnesium for calcium* 
The released magnesium, plus the mag- 
nesium already present in the sample, 
produces a red violet complex with cal- 
magite at a pH of 10. The total hardness 
(i.e., calcium plus magnesium) is deter- 
mined therefore, by anah^is for magnesium. 



(7) 



C Digestion 



When determining Total Calcium or Total ^ 
Magnesium, the iomal step is digestion. 
The sample is' first acidifiecf with concentrat- 
ed redistilled HN0 3 (5 ml/1). Five ml of 
distilled HC1(50% by volifme) arc next added 
to 100 ml of the well-mixed acidified sample, 
which is then heated at 95°C for 15 minutes. 
- .The sample is next diluted back to 100 ml 
for analysis. 

D Total Calcium * ' 

1 Total calcium may also be detecjnined 
by titration with EDTA, at a pH of 12^13, 
Murexide, Eriochrome Blue Black R, 
and Solochro^ne Dark Bib* are among the 
indicators wtt^h may be used. The 
titration shoulaUe carried out • 
immediately after raising the pH, " 
Lower concentrations (e,g,, less than 

. 20 mg/1) of certain metals such as 
copper, ferric and ferrous iron, 
manganesfe and zinc do' not interfere, 
'However orthbphosphate precipitates 
calcium at the elevated pH of {he test, 
Strontium and barium interfere, and * 
Alkalinity greater than. 30 mg/1 causes 
an indistinct end-point, 

2 Lanthanum is used to mask the 

^ phosphate, sulfate and aluminum 

interference in the atomic absorption 
v determination of calcium. High con- 
centrations (up to 500 mg/1) of sodium, 
potassium, and nitrate cause no 
difficulty. Magnesium levels greater 
than 1000 mg/1 cause low results. 



Total Magnesium' 

1, The gravimetric determination of 
magnesium involves addition of 
diammomum hydrogen phosphate *\ 
which precipitates magnesium 
ammonium phosphate. The precipitate 
is ignited and weighed as magnesium 
pyrophosphate. ~The sample should be 
reasonably free of aluminum, calcium, 
iron, manganese, silica, strontium, 
and suspended matter. 

2 Alunhnum concentrations greater 
than 2 mg/1 interfere with the 
atomic absorption procedure. 
Lanthanum i&'used as a masking 
agent. At concentrations less 
than 400 mg/ 1, sodium, potassium 
and calcium cause no pVoblem. , 



F Dissolved Calcium & Dissolved Magnesium 

- s 

The dissolved metals are determined by 0,45 
a u m filtration, followed by acidification with 
redistilled HNO3 to a pH of 2, and the method 
(except for digestion) used for the 'Total" 
metal. Pre -filtration to remove larger sus- 
pended solids Is perrnissable. A glass or 
plastic filtration apparatus is recommended 
to avoid contamination. 

G Other Procedures * 

1 The analytical procedures for total / 
hardness, calcium and" magnesium 
outlined above are those to be performed 
ynder the NPDES. 

2 Examples of other, "non-NPDES" 
procedures are: 

a Grafamatric determination of calcium. 
f 

b Potassium permanganate titration 
of calcium, 

c Determination of total hardness and 
calcium or magnesium and then sub- 
tracting to obtain the concentration 
of the other fnetal. Tfris procedure 
assumes {hat calcium and magnesium 
,are the only hardness components * 
present. i 
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Determining the concentration of the 
individual me talk, multiplying the 
concentrations^ an appropriate factor 
o put tfie vaflues on a calcium carbonate 
basis, and then summing the calcium 
carbonate concentrations to obtain a 
total hardness value. 



■ 

Determination of Calcium and Magnesium Hardness 



REFERENCES 

1 Standard Methods for the Examination 

of Water and Wastewater* 14th ed. 
APHA. AWWA. WPGF; 1975, 

■ * ■ 

2 Annual Book of ASTM Standards. 

Part 31, 1975. 



This outline was prepared by B. V. Salotto* 
Research Chemist, Waste Identification and 
Analysis Section, MERL, EPA, and revised 
by C. R. Feldmann, Chemist, National 
Training and Operational Technology Center, 
OWPO, USEPA, Cincinnati* Ohjo 45268., 



Methods for Chemical Analysis of 
1 Water and Wastes* EPA>- EMSL 
Cincinnati, Ohio 45268, 1974. 

Barnard, A. J. Jr., Broad, W. C. and 
Flaschka, H. The EDTA Titration. 
J, T. Baker Company. 1957. 



5 U. S. Public Health Service. Drinking 
Water Standards, USPHS Report, 
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6'' Rainwater, R. H. and Thatcher* L. L. 
Methods for the Collection and Anal- 
ysis of Water Samples. U. S. Geo- 
logical Survey Water Supply $ JPaper 
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7 Federal Register, Wednesday, Dec. 1, 1976* 
Part 11, Table 1, footnote 15. 



Descriptors: Calcium* Chemical Analysis, 
Hardness, Magnesium* Water Analysis, 
Calcium Carbonate, Calcium Compounds* 1 
Magnesium Carbonate 
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CHLORINATION AND CHLORINE DETERMINATIONS 



I INTRODUCTION 
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Chlorine ftormally is applied t&-tfater as a 
bactericidal agent; it reacts with water con- 
taminants to form a variety of products 
containing chlorine* The diffjjrence between 
applied and residual chlorine represents the 
chlorine demand of the water under conditions 
specified. Wastewater chloririation is parti- 
cularly difficult because the corlcentration of 
organisms and components susceptible to 
interaction with chlorine are high and variable. 
Interferences with the ^hlorine determination 
in wastewater confuse interpretation with 
'respect to the chlorine residual at a given 
time and condition, its bactericidal potency, 
or its future behavior. 



II CHEMISTRY OF CHLORINATION 

Chlorine is used in the form.of chlorine 
gas. chlorine gas dissolved in water or 
as hypochlorites. 



A Chlorine (C1J combines with watefr to 
form hypodifbrous and hydrochloric 
* acids; 



B One hypochlo rite-compound used for water 
treatment is calcium hypochlorite. When 
dissolved in wafer it forms hypochlorous 
acid and calcium hydroxide: 



Ca(OCl) 2 



+ 2H 2 0 



2HOC1 + Ca + 20H 



The hypochlorous acift ionizes as shown 
belows 



' HOC1 2= 



H + + OCl" 



H 2 0 



t£ HCxSl 



H + + 



CI 



Thus treatment with £ hypochlorite results 
in the same equilibrium as when chlorine- is 
added* A contrast, though, is the increase 
in pH when metallic hypochlorites are applied 
becausfe of the formation of OH"\ 



The Initial reactions on adding chlorine to 
wastewaters may be assumed to be funda- 
mentally the same as when chlorine is 
added fo water except for the additional 
complications due to contaminants and 
their concentration. 

Hypochlorous acid (HOC1) reacts with 
ammonia and with many other complex 
derivatives of ammonia to produce com- 
pounds known as chloramines. Formation 
of the simple ammonia chloramines includes; 



The reaction is reversible, but at pH values 
above 4*0 and concentrations of chlorine 
below 1000 -mg/L the shift is predominantly 
to the right leading to hypochlorous acid . 
(HOC1). Hypochlorous acid is a weak acid 
and consequently ionizes in water according 
to the equation: »* „ 

HOC1 tZt H* + OC1* : 

This reaction is also reversible. -At a pH 
value of 6. 0 or below almost all of Hhe 
chlorine is present as hypochlorous acid 
(HOC1) whereas above pH 10. 0 nearly all 
of it 'exist a as hypochlorite ion (OC1 ). 
Thus the addition of chlorine (C1J tends ' 
to lower the pH, 

/ ■ ; 



1 NH 3 ,+ HOC1 



NHgCl 



H 2 0 



monochloramine 



* ? 2 NHgCl + HOCl-»NHCl 2 + HgO 

dichloramine 



3 NHC1 2 + HOC1 — NC1 3 '+ HgO 
■ trichloramine 



rn © Hd.U.80 
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The "distribution of the ammonia chloramines 
is dependent on pH, as illustrated below: 



Percentage of Chlorine Present as 



pH 


Monochlor amine 


■Dichloramine ' 








5 


16 




6 


38 


62 


7 




35 


8 


85 . 1 
■ S 


15 , . 


9 


94 


6 . 


J. 



The mono- and dichlora mines have significant 
disinfecting power. Their formation is 
dependant*^ pH# temperature, and chlorine- 
ammonia ratio. Chlorine reactions with 
amino acids are also likely, but the product 
disinfecting powers are lower than those of 
the Aypochldrite Ion or of amiponia chloramines. 



. 

2 Combined available residual chlorine - 
the residual chlorine present as 
chloramines and organic chlorine con- 
taining compounds. * 

3 Total available residual chlorine - the 
free available residual chlorine + the 
combined available residual chlorine - 
may represent total amount of chlorine 
residual present without regard to type. 

r 

Inordinary usage these terms are 
shortened to free residual chlorine, 
combined .residual chlorine &nd total 
residual chlorine. In the<hlorination 
of wtkptDw^ters only combined res*idual 
chlorine is ordinarily present and is 
often improperly termed chlorme 
residual. " 

Breakpoint chiunnation specifically refers 
to the ammonia-chlorine reaction where 
applied chlorine hydrolyzes and rjeact3 to 
form chloramines and HCl,with the chlor- 
amines eventually forming N and HC^L 



NH 2 C1+ NHCl 2 



N 2 .+ 



3HCI 



III TERMINOLOGY 

A Terms used with Respect. to Applicat/on 
$ite 

1 Pre-chlorination - chlorine added . 
prior to any other treatment. 

2 Post-Chlorination - chlorine added 
after Qther treatment. 

3 Split chlorination - chlorine added at 
different points }n the plant - may u 
include pre- and ppst-chlorlnatlon. * 



B Terms Used in Designating Chlorine 
Fractions 

1 ^ree available residual chlorine - the 
residual chlorine present as hypo- 
chlorous acid and hypochlorite Ion, 



Assuming no other chlorine demand, the 
total Qhlorine residual will rise, de- 
crease to zero and rise again with in- 
creasing increments of applied chlorine. 
Other substances may produce humps in 
the' applied chloripe vs residual Chlorine 
plot due to oxidation of materials other ■ 
• than ammonia. Sometimes these are 
erroneously considered as a breakpoint. 

IV IODOMETRIC TITRATION ANALYSES* K 2) 

lodometric titration^smg^ither an 
amperometric or a starch-iodine 
end point determines chlorine residual. 
The relative advantages of r a specific^ 
determination depend upon the form in which 
the reactable chlorine exists and the amount 
and nature of interferences in the water. 
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A Amperomejnc Titration - Direct Method^/ 
ScQ*e and application 



4 



This p method 15 applicable to the , 
determination of free, -combjhed or 
tottfl residual chlorine in all types of 
water and wastewaters^that do not 
contain substantial amounts of organic 
matter- 



2 Summary of Method 

to 

When the cell of the titrator lp immersed 
in a sample at pH 7, 0,**me cell unit pro- 
duces a small direct current if free 
* -Chlorine (an oxidizing agent) is present. 
As phfcnylarsme oxide (PAO) solution . 
is added,, it reduces the free chlorine. 
When all the cJhlorine is neutralized, the 
generation of current ceases. At this 
end point, the rmcroammeter pointer on 
ttfk apparatus no longer deflects 
Tlown-scaltfr*' 

'To determine ppmbined chlorine, pH 4. 0 
buffer ind pptas&iun} iodide are then 
^dded to the sample* ^ Free' iodine, 
released by thfe combined chlorine also 
causes the cell to produce a small direct 
* current* Addition of PAO-reduces the 
. free iodine and the generation of current 
**" ceases* Again, the end point occurs 
when the microammeter^omter no 
I longed deflects do^n-sc^«* 

In .either titration, the amount of PAD 
reducing agent used to reach the end 
point is ultimately stoichiometrically 
proportional to chlorine*present in the 
sample*. The sum of the free and 
combined chlorine is the total residual 
chlorine in the sample* 

Total residual chlorine .can be deter- 
mined directly by adding pH 4. Q buffer 
and potassium iodide to the sample 
before beginning the titration. Any 
free'or combined>chlorine present will 
stoichiometrically liberate free iodine * 
which is then reduced, with PAO 
\ tltrantf -the axnpunt of PAO titrant 
% uaed measures the total amount of free 
*and combined chlorine originaUy ( 
present in the sample* 



3 Interferences 



Organic matter reacts with liberated 
iodine,, *. * s 



b Cupric ion$ may ^ause erratic 
behavior of the apparatus. 



c Cuprous and^silver lphs tend to ' 
* poison' the ele&trode by plating out 
on it. 



V t 



B Amperometric Titration - Indirect Method 
* 1 Scope and Application 

, This method is applicable**© the V 

* determination qf total chlorine residual 

* in all types of watdl; and wastewaters. 
In contrast to the <ftrec£ amperometnc 
titrating this back-titration procedure 
minimizes interferences in waters 
containing substantial amounts of 

■"•organic matter* 

*■ 

2 Summary of Method 

A sample is treated with a measured 
excess of standard phenylarsine oxide, 
(PAO) solution followed bv addition 
of potassium iodide and abufferyo . 
maintain* the pH between 3*5 an* 4. 2 J 



'Any form of chlorine present will 
stoichiometrically liberate iodine 
which immediately reacts with the 
PAObefdPe significant amounts are 
lost to reactions with organic matter 

Cthe sample, 
hen the cell of the amperorm 
Ititrator is immersed in a sample so 
treated, no current is generated since 
hejthertfree chlorine nor free lodirfe 
• is present. 
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# The amount of PAO used to reduce the 
liberated iodine is then determined by 
titrating the excess with a standard 
ledine solution. No current is generated 
"untif all the excess PAO has been 
oxidized by the iodine* At this encU 
point the next small addition of iodine 
causes current to b£ generated and the 
microammeter pointer permanently 
deflects up-scale. 

The excess PAO thus measured is 
subtracted from the original amount y 
of PAO added. The difference is the " 
PAQpsed to reduce the liberated iodine 
*and is ultimately a measure of the total 
chlorine originally present in the sample, 

NOTE: Sodium thiosulfate solution may 
be used instead of PAO, but PAO;is - 
more'stable and is to be preferred. 

r 3 Interferences 

a Cupnc ions may cause erratic 
behavior of the apparatus, 

"b Cuprotis and silver ions tend to 
poison the electrode by plating out 
on it. 

C Colorimetnc S^trch-Iodide Titration - ^ 
Indirect iMethod 
■ * 

' 1 Scope and Application 

This method is applicable to th£ * 
determination of total chlorine residual 

.in all types af water and wastewater. 

^ A back J titration procedure is used to 
minimize interferences m waters con- 
taining substantial amounts of organic 
matter. 



2 Summary of Method 

A sample i*v treated with a measured 
' excess ^"Htindard phenylarsine oxide^ 
(PAO) aolutioa followed by addition 
oft potassium iodide and a buffer to 
maintain the pH between 3. 5 and 4. 2*- 
Atfy form of chlorine present will 
stoichiometrically liberate-iodine 
vtfiich immediately reacts with PAO 



before significant amounts are lost to 
reactions with organic matter m the 
sample*. 

The amoifct of PAO used to reduce the 
liberated iodine is then determined by 
titrating the excess with a standard 
iodine solution in the presence of starch 
until the PAO is completely oxidized. 
At this end point, , the next small addition 
of lodine^cauges a fairtf bluje color to 
persist in the sample, 

t The excess PAO thu£ measured is / 
\subtracted from the original amount 
of PAO added* The difference is the 
PAO used to reduce the liberated 
iodine and is ultimately a measure of ■ 
the total chlbrine priginally present 
in the sample, - 

V NOTE: Sodium thiosulfate solution may 
be used instead of PAO, but PAO is^ 
more stable and is to be preferred/ 

3 Interferences 

a An unusually high content of organic 
matter may cause some uncertainty 
in the end point. If manganese, 
iron and nitrite are definitely absent, 
this uncertainty can be reduced by 
acidifibation to pH 1.0. 
> 

b Color and turbidity in the sample 
cause difficulty with end-point 
detection. 



D 



Evaluation of lodometnc Analyses 

lodometnc titration using ampenometnc 
end point detection appears to be the njagfc 
accurate ces'idual chlorine method ™ if 
Besides being inherently more accurate than 
color detection methods, .this electrical end 
point is free of .interference from color 
and turbidity, ' , 
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The Accuracy of the colorimetric starch- 
iodide end point is improved by employing 
the indirect titration method described 
above. By adding an excess of the standard . 
reducing agent and back-titrating, contact 

* between the liberated iodine and organic 
matter in the sample is minimized. 

(1) 

V DPD METHODOLOGY . 

The DPD (N-diethyl-phenylenediamine) 
method can be applied by either titration 
or spectrophotometry. 

A Titration 

* 

1 Scope and Application * 

Thik method is applicable to natural 
and treated waters at concentrations 
ab'ove 1 mg/liter chlorine- 

T Summary of Method 

A samfile is treated with a buffer to 
maintain pH 4 or less, followed by Q 
addition of DPD indicator and potassium 
iodide. Chlorine (hypochlorite ion* 
hypochlorous acid) and chloramines 
present in the sample will stoichiometric - 
t ally liberate iodine from the potassium 

* iodide. 

The liberates iodine is titrated with 
ferrous ammonium sulfate to the disap- 
pearance of the red color with the DPD 
serving as the Indicata^. Results*re~ 
presefit total available residual chlorine* 
The titration can be conducted in stages 
to distinguish among free Available 
chlorine* monochloramine and di- 
chloramine| Nitrogen trichloride can 
* also be estimated by changing the order 
of the steps of procedure. 



2 Summary of Method- 

The sample ii$ treated in the. same 
manner as in the titration procedure* 
only smaller quantities of reagents 
and sample are used. The reacttend 
liberating iodine are the same. 

Quantitation requires spectrophotometry 
readings at 515 nm of the absorbance of 
the red colors produced in the treated 
samples. The concentrations £re deter- 
mined using a calibration graph developer 
from a series of potassium permanganate 
standards covering the chlorine equivalent 
range of 0.05 - 4 mg/liter* 

VI COMPLIANCE METHODOLOGY 
A NPDES/Certifications 

All of the dffoalytical procedures de- 
scribed in IV, lodometric Titration * ' 
Analyses and in V* DPD Methodology 
(above) are cited in the Federal Register 
as approved. 



8 'Spectrophotometry 

** 1 S^)pe and Application 

^ This method is applicable to natural 
<- and treated waters at concentrations 
from 0. 2 to 4 mg/liter* 



B Drinking Water 



v 



Under certain conditions* chlorine residual 

monitoring can be substituted for some of 

the microbiological tests required by 

drinking water regulations. Only the DPD 

Methodology {as in V above) is cited tfi the 

Federal Register as approved for this^ 

application. In contrast to the NPDESV 

Certifications regulations* the DPD test 

kit is also approved for drinking water^ 

samples* > 
* 
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PJibSpltORLS IN THE AQUEOUS. ENVIRONMENT 

v • . •• 



I Phosphorus i<>* closely associated with 
wate* quality because of (a) its role in 

* aquatic productivity. such as algal blooms, 
(b>its sequestering action,, which causes 
interference in coagulation, (c) the difficulty 
of "removing phosphorus from water to soJne* 
desirable low' concent ration* and Id) its 
characteristic of converting from one to 

£ another of many possible forms. 

A Phosphorus x» one of the primary nutrients 
such as hydrogen (H), carbon (C), 
nitrogen <N), sulfur (S) and phosphorus (P), 

1 Phosphorus is unique among nutrients 
in .that its oxidation does not contribute 
significant energy because it commonly 
exists in oxidized form. * 

2 Phosphorus is intimately involved in 
oxidative pftergy release from and 
'synthesis of other nutrients into cell 
mass via i 

a Transport of nulrients across 

membranes into cell protoplasm is 
likely to include phosphorylation. 



8 



The rele^e of energy for meta- 
bolic purposes is likely to 
include a triphosphate exchange 
mec^ianism. * 



Most natural waters contain refetively low 
levels of P {0.01 to 0.05 mg/L) in the ^ ' 
soluble state during periods of significant 
productivity. 

* 

1 Metabolic-activity tendsjo convert 
soluble P into cell majffforganic P) as 
a part of the protpplasm, intermediate 
products, or sorbed material. ' 

2 Degradation of cell maers'and incidental 
P compounds results in a feedback of 
lysecf P to the water at rates governed 
by the type of P and the environment. 
Aquatic metabolic kinetics show marked 
influences of thU feedback. 



3 The concentrations of P in hydrosoile, 
sludges, treatment plant«samples and 
soils may range from 10 2 to 10^ times 
that in stabilized surface water. Both 
concentration and interfering, compo- 
nents affect»applicability of analytical 
, techniques. - * - 

\ 

II The primarjtaource of phosphorus in the 
aqueous system is of geological origin. 
Indirect source* are the processed mineral 
products for use in agriculture, household, 
industry or other activities. ^ 

A Agricultural fertilizer run-off i s related 
to chemicals applied, farming practice 
and soil exchange, capacity. 

« 

B Wastewaters primarily of domestic 
origin contain major amounts of P from 

1 Humaa animal and plant residues 

2 Surfactants {cleaning agent) discharge 

3 Microbial and other cell masses 

C Wastewaters primarily of industrial 
origin contain P related to: 

1 CorVosion control 

1^ -Scale control additives 

3 ^Surfactants or dispersants 

4 Chemical processing of materials •» 
including P ■ , 

5 Liquors from clean-up operations of 
dusts, fumes, stack gases, or other 
discharges 



III Phosphorus terminology is commonly h- 
confused because of the interrelations among 
biological, chemical, engirteering, physical, 
and analytical' factors. 
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Phosphorus in the Aqueo us Environment 



■ \ 

Biologically gho^phuru^ ma) be available 
as a nutrient, synthesized into living mass, 
stored in living or dead cells, agglomerates* 
or mineral complexes, or converted to* 
degraded materials. ; 



B 



Chemically, P exists^ in several mineral » 
and organic forms that may be converted* 
from One to another under favorable' 
conditions. Analytical estimates are 
based upon physical or chemical techniques 
necessary to convert various forms oflP 
into ortho phosphates which 'alone can be 
quantitated in terms of^he molybdenum 
blue color imetric test. 



7 

erinc 



Engineering interest in phosphorus is 
related to the prediction, treatment, or 
control -of aqueous systems to.favo^ 
acceptable water quality objectives. 
Phosphorus removal is associated with 
solids removal. 




Solubility and temperature are major 
physical factors in phosphorus behavior. 
* Soluble P is much more available than 
insoluble P for chemical or biological 
transformations and the rate Deconversion 
from one to another is strongly influenced 
by temperature. 

Table 1 includes a classification of {he 
four main types of chemical P and some 

' of the relationships controlling solubility 
each group. It is apparent that no 
clear-cut separation can qe made On a 

* solubility basis as molecuiar^weight, 

substittfent and other factors effect ^ 
solubility. . * t 



Table 2 includes a scheme of analytical 
differentiation of various forpns of P 
based upon 

1 The technique required tkconvert an 
unknown variety of phosgnorus into, f 
brtho i^which-is the'Only One quanti- 
tated by the colorimetric test.. 



Solubility characteristics of ih# sample 
P or more precisely the means required 
to clarify the sample. 

> 

a Any clarification method is subject 
to incomplete separation. Therefore, 
it is essential to specify the method 
used to interpret the yield factor of 
the separation technique. The 
degree of separaticSi of soluble* 
and insolubles will be significantly 
different for: 



Membrane filter separation 
(0.5 micrometer pore siz£) 

Centnfugation (at some specified 
" rpm and time) 

* 

3 Paper filtration (specify paper 
identification) 

, n 

# M Subsidence (specify time and 
• conditions) 

v • 

Analytical separations (Table 2) like those 
in Table 1, do not give a precise separa- 
tion of the various forms of P which may 
be included quantitatively with ortho or 
poly P. Conversely some of the poly and 

» organic P will be included with ortho P if 
they have £een partially hydrolyzed 
xiuring Bjorage or analysis.. Insolubles 
may likewise be included as a result of 

^poor separation and analytical conditions. 




The separation methods provide an 
operational type of definition adequate 
in most situations if the "operation' 1 
is kqown. Table 2 indicates the nature 
of incidental P thatrKay appear atyfng 
with the type sought. J 
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Table 1 



PHOSPHORUS COMPOUNDS CLASSIFIED BY 
CHEMICAL AND SOLUBILITY RELATIONS 



Form 



Water Soluble 



(1) 



Insoluble 



(1) 



1. Ortho phosphates 



2. Polyphosphates 

(P O*) " 4 (P O )"^(P O )" 3 
v 2 7 ' 1 3 10' 1 3 9 

and others depending upon 

the degree of dehydration. 

3. Organic phosphorus 
R-P, R-P-R (2) 
(unusually varied nature) 



Combined With monovalent 
cations such as H* Na*K,"*>JHt 

• 4 



. Combined with multi 

valent cations such 

^ +2 A1 +3^ +3 
as Ca Al Fe 



as in 1 above \ 

Increasing dehydration 
decreases solubility 



(a) as in 1 above 

(b) multi P polyphosphates 
(high mol. wt.) in- 
cluding the "glassy" 
phosphates 



(a) certain chemicsfls 

(b) degradation products 

(c) enzyme P 

(d) phosphorylated nutrients 



(a) certain chemicals 

(b) cell mass, maybe 
colloidal or agglom- 
erated 

(c) soluble P sorbed by 
insoluble residues 



4. Mineral phosphorus 


t 
< 


(a) as in 1 a&ove 




(a) as in 1 above 








* 


(b) as in 2 abovl 


9 • 
• 

t * 
* 




■ ■■ .• \ 


(c) geological P such as 
phosphosilicates 

(d) certain mineral com- 
plexes.' 



(1) Used in reference to predominance under cdmmon conditions. 

-3 

'(2) R represents an organic radical, P represents P, PO <# or its derivatives. 



2 Total P in Table 2 includes liquid and . 
separated residue P that may exist in 
the\whole sample including silt, orga'nic 
sludge, or hydrosoiU; This recognizes 



thaj^the feedback of soluble £ from 
deposited or suspended material has a 
real effect Upon the kinetics of the 
aqueous environment* 
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Table 2 
> 



6qw 



PHOSPHORUS COMPOUNDS CLASSIFIED BY 
ANALYTICAL METHODOLOGY 



* 

Desired P Com^pnents 


Technique^ 


(2) 

Incidental P Included 


1. Ortho phosphites 
y 

j 


* 

No treatment on clear , 
samples 


Easily hydrolyzed 

(a) poly phosphates - 

(b) organic -P, - 

(c) Mineral -P, + or - 


2 J Polyphosphates 
W2M1) -'pol/p 
Mhydrolyzable) 


acid hydrolysis on clear 
samples, dilute 
(a) H 2 S0 4 


^3 

(a) ortho-P + 

(b) organic -P + or - 

(c) mineral -P + or - 




(b) HC1 
heated 


* 


• 

3. Organic phosphorus 
(3) - (2) + orcr P 
(hydrojyzable) 


acid + oxidizing hydrolysis 

VI t r* llvtC t>a tiJUICr uuu lc 

(a) H 2 SO + HN0 3 

(b) H 2 SO^ ♦ (NH 4 ) 2 S 2 0 8 

heated 


(a/ ortho P + 

\u/ puiy r T 

(c) mineral P + fcr - 

\ ■ 


4. Soluble phosphorus 
(preferably classified 
J>y clarification method) 

*- 


clarified liquid following 
t filtration, centrifugation 1 
or subsidence , 


* generally Includes. 

(a) 1, 2/ or 3 v 

(b) particulates not y 
completely separated 


£>. Insoluble phosphorus 
(residue from clari* . 
* fication) 


Retained residues separated 
during clarification 
See (6) 


(a) generally includes 
sorbed or complexed 
solubles. * 


6. Total phosphorus 
* 


Strong acid + oxidant 
digestion 

(a) H_SC> + HNO 

c 4 $ 

(b) H+SO A + HN0 o + HCIO, 

2 4 3 4 


all components In 
1. 2, "Z t 4. 5 in the 



<c) H 2 0 2 + Mg(N0 3 ) 2 fusion 



( 1) Determinative step -by jifcospho molybdate colorimetric method. 

(2) Coding: * quantitative yl'ejd » 

■ • a small fraction of the amount present 
* + or - depends upon the Individual chemical and sample history 
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IV Polyphosphates are of major interest in 
cleaning agent formulation, as dispersants, 
and for corrosion control. 

A They a^e prepared by dehydration of ortho 
phosphates ^o form products having two or 
j^tfre phosphate derivatives per molecule. 

I The simplest polyphosphate may be 
prepared as follows; 

NaC> 




0 v» . H °^r> 

heat^ * P * O 



/ 

O 

io4 



+ H 2° 



' O 



HO 
NaO' 



mono sodium ortho 
phosphate (2) 



disodium dihydrogen 
polyphosphate 



insoluble polyphosphate than the same 
cation in the form_of insoluble ortho 
phosphate. Insolubility increases with 
the'tiumber of P atoms in the 
polyphosphate. The "glassy 1 ' ptfly- 
*phosphates are a special group with 
limited solubility that are used to aid 
corrosion resistance in pipe distribu- 
tion s/stems and similar uses. 

B Polyphosphates tend to hydrolyze or 
"revert v to tht ortho P form by addition 

of water. This occurs w henever 9 

polyphosphates are found in the aqueous 
environment. 

1 The^major factors affecting the rate of 
reversion of poly to orthophosphates 
include 

a) Temperature, increased T increases 
rate ■ 

.b) pH, lowerpH increases rate 



The general form tor producing 
polyphosphates from mono substituted 
orthophosphates is 



(NaH^PO ) 



heat 



200-400O< 



(NaPOJ +n \L0 
J n 2 



Di-substitutpd ortho phosphates or 
mixtures of substituted ortho phosphates 
lf-ad to other^olyphosphates 



c) Enzymes, hjdrolase enzymes 
increase rate 

d) Colloidal gels, increase rate 4 

e) Complex ing nations and ionic 
concentration increase rate * 

f) Concenfratipon of the polyphosphate 
increase* rate 



>. 



The 'polyphosphate series usually 
* consist of the polyphosphate anion, 
with a negative charge of 2 to 5. 
^Hydrogen or metals commonly occupy 
these sues. The polyphosphate can be 
furthvr dehydrated by heat as long as 
fty<**^kjri remains. Di or trivaient 
cations T^pnerally produce a more 

y 



Items a, b and c have a large effect 
upon rever&io^rate compared with 
other factors listed. The actual 
reversion rate is a combination of 
listed items and other conditions or 
characteristics. 

The differences among ortho and ortho 
+ polyphosphates commonly are close to 
experimental error 6f the colonmetric 
test in stabilized surface water samples. 
A significant difference generally 
indicates that the sample was obtained 
relatively close to a source of poly- 
phosphates and was promptly analyzed. 
This implies that the reversion rate of 
polyphosphates is much higrier than 
generally believed. 
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V SAMPLING AND PRESERVATION 
TECHNIQUES 

o 

A Sampling 

1 Great care should be exercised to 
exclude any benthic deposits from 
water samples 4 . 

2 Containers, should be cleaned in the 
same manner as lab^are (see-VI.B.l. 

m below). 

3 Certain'plastic containers may b4 
^ised. Possible adsorption of low con- 
centrations of phosphorus should be 
checked. 

4 If a differentiation of phosphorus forms 
is to pe made* filtration should be 
carried out Immediately upon sample 
collection, A membrane filter of 
0.45 urn pore size is recommended for 
reproducible separations. 

« 

B Preservation 

^ 1 If at all possible, samples should be 
analyzed on the day of collection. At 
best, preservation measures only 
retard possible changes in the sample. 

a Possible physical changes include . 
solubilization, precipitation, 
absorption on or desorption from 
suspended matter. 

b Possible chemical changes include 
reversion of poly to ortho P.and 
decomposition of organic or mln- 
„ eral P. 



c Possible biological changes 

include microbial decomposition 
of organic P and algal or 
bacterial growth .forming organic P. 

2 If it Is* impossible to do total phos- 
phorus determinations on the day of ' 
collection, refrigerate at 4*C and 
add .2 ml concentrated HoS0 4 per 
liter. . Limit of holding /or samples* 
thus preserved U 24 hours. (8) 



VI 

A 



/ 
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a* Refrigeratibn decreasc/s hydrolysis 
and reaction rates and also^losses * 
due th volatility. 

b Sulfuric acid hmits biological 
changes. 

c Mercuric chloride also limits 
biological changes, but interferes 
with the analytical procedure if 
the chloride level is less than 50 mg 
'Cl/hter. (See VI B. 2 v . below). 
Disposal of mercury -containing 
test wastes also adds time to the 
procedure. 

. 

3 Consult the EPA Methods Manual(6) 
for preservation measures applicable 
to samples collected to determine 
various fractions of phosphorus. 

THE EPA ANALYTICAL PROCEDURE? 61 

This Is a colorimetric determination, 
specific for orthopUosphate. Depending 
qn the nature of the sample and on the 
type of^tata sougnt, the procedure in- 
volves two general pperations: 

1 Conversion of phosphoru^' forms to 
soluble orthophosphate (See Fig 1)* 

a sulfuric acid-hydrolysis for ^ 

polyphosphates, and' some m - 

organic P compounds. 

• * 

b - per sulfate digestion for organic . 
P compounds. 



The^color determination Involve 
reacting dilute solutions of phospho" 
with ammonium molybdate and 
potassium'Sntimonyl tartrate in an 
acid medium to form an antimony - 
phpsphomolybdate comply. This 
COTnplex is reduced to an intensely 
blue -colored complex by ascorbic 
acid. The color Is prbportlonal to 
the orthophosphate concentration. 

Color absorbancc Is measured at * 
880 nm ortfSOmn and a concentration 
vfelue obtained using a standard curve. 

Reagent preparation and the detailed 
procedure can be found In the EPA 
manual. 

The methods described there are 
usable in the 0.01 to 0.5 mg/hter 
phosphorus range. This range can 
be^extended by dilution of samples. 
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B Interferences 



1 Erroneous results from, contaminated 
glassware is avoided by cleaning it 
with hot 1.1 JIC1, treating it with 
procedure reagents and rinsings £-ith 
" distilled water. Preferably this 
glassware should be used only for the 
determination of phosphorus and pro- 
tected from dust during storage.* 
Commercial detergents should nqver 
be used. 

2f Low total phosphorus values have 
been reported because of possible 
adsorption of phosphorus'on iron, 
aluminum, manganese or other metal 
precipitates formed In wastewater 
samples. 

a After digestion^ adjust the pH of the 
sample td 7. 0 + 0.2 with IN NaOH 
using a pH meter. If sample is not 
clear, add 2-3 drops UN H SO /V 
and filter. % 



3 The total phosphorus procedure reqmp£s 
a pH adjustment with a pH meter. Buffers 
made with phosphates are used to calibrate 
the meter in the applicable range. The 
meter electrodes must be. thoroughly flushed 
free of buffer before theu use with Phos- 
phorus test solutions. Otherwise, significant 
phosphorus contamination will result. 

^ Others have reported interference fronr 
arsenic, arsenates* chlorine, chronuuni, 
-sulfides* nitrite, tannins, iignin and other 
minerals and organics at^igh concentrations. 

,C~ Precision and Accuracy**** 

1 Organic phosphate - ii analysts in 
19 laboratories analyzed natural 
water samples containing exact in- 
crements of organic /phosphate of f { 
'0.110, 0. 132, 0.772, and 0. 882ang 
P/liter. 

Standard deviations obtained were 
0.033, 0.051, 0. 130 and 0.128 
respectively. 



ERJC 



Filter through phosphorus -free 
0.45 micrometer pore size cellulose 
filter.' See Standard Metho ds^) i 
page 472 about withing filters before 
use. since the discs can Introduce 
significant phosphorus contamination. 
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Accuracy results as bias, mg P/hter 
were. * 0.003. + 0.016, +0.023 and 
- 0.008, respectively. 

.Orthophosphate was determined by 
26 analysts in 16 laboratories using 
samples containing orthophosphate 
in amounts of 0.029, 0.0^, 0. 335 
and 0. 383 mg P/liten. 

Standard Deviations obtained were * 
0.010, 0.008, 0.018 and 0.023 respectively. 
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Accuracy results as bias, mg P/Uler 
were -0.001, -0.002, -0.009 and 
-0. 007. respectively. ' 

D Automated Methods < " 



Jhe EPA Manual also contains a procedure 

for the automated colorimetry method using 
\ ascorbic acid as the reducing agent. 



VU VARIABLES IN THE COLORIMETRIC 
PROCEDURE 

Severalixnportant variables affect 
formation of the yellow heteropoly 
acid and its reduced form, molybdenum 
blue, in the colorimetric test for P. 

A Acid Concentration during color develop- 
ment is critical. Figure 2 shows that 
colorwill appear in a sample containing 
no phosphate if the add concentration 
is low. Interfering color is negligible 
when the normality with respect to* 
HgSOj approaches 0.4. 

1 Acid normality during color develop- 
ment of 0. 3 to slightly more than 
0.4 is feasible for use. It is prefer- 

k • able to control acidity carefully and 
to seeH a normality closer to the 
higher limits of the acceptable range. 

2 It is essential to ad^the acid and 
molybdate as one solution. 

3 The aliquot of sample must be 
neutralized prior to adding the 
color reagent. 



B 



D 




o 
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Figure 2 ' 

0-PHOSPHATE COLOR 
. - *VS ACIDITY - 

Choice of Reductant - Reagent stability, 
. effective reduction and freedom from 

deleterious side effects are the bases 

for reductant selection. Several re- 
• ductants have been used effectively. 

Ascorbic acid reduction is highly 

effective in both marine and fresh wat^r. 

It is the reductant specified in the 

manual NPDES procedure. 

Temperatur e affects the rate of color 
formation. Blank, standards, and 
samples must be adjusted to the same 
temperature (* i°Q/ (preferably room 
temperature), before addition of the 
acid molybdate reag<jnt. 

Time fo» Color Development must be 
specified and consistent. After addition 
-of reductant, the blue color develops 
rapidly for io minutes then fafces grad- 
ually afteV 12 minutes. * 
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Vffl DETERMINATION OF TOTAL 
PHOSPHORUS 

A Determination of total phosphorus 
^content requir©5 the acid-hydrolysis 
^nd per sulfate treatments to convert 
0 all phosphorus forxps to the test- 
sensitive orthophosphate form. 



B Determining total phosphorus content 
yields the most meaningful data since 
the various forms of phosphorus may 
change from one form to another in a 
short period of time. (See part V, £l) 



*K DEVELOPMENT OF A STANDARD 
PROCEDURE 

phosphorus analysis received intensive 
■irtHestigation, cooFdination and validation of 
methods is more difficult than changing ^ 
technique. 

r 

A Part of'the preblen^in methods arose 
because of changes in analytical objectives 
such as- 

1 Methods suitable to gathej- Purvey" 
information may not be adequate for 
"standards", ' 

2 Methods acceptable for water are not t 

necessarily effective in the presencp 

of significant mineral and organic 
interference characteristic of hydro- 
soils, marine samples, organic 
J sludges and benthic deposits,- . - 

3 Interest has been centered on "fresh" 
water. It was essential to extend them 
for marine waters. 



4 Instrumentation and automation have ^ 
required adaptation of methodology. 

B Analysts have tended to wonkon their own 
special problems. If the method 
apparerul} served ^hey situations, it was y 
used. Each has a "favorite" scheme that 
tnay be quite effective but progress 
toward widespread application of "one" 
method has been slow. Consequently, 
many methods are available. Reagent 
acidity. Mo content, reductant and 
separation techniques* are the major 
variables. 



C The per sulfate digestion and single reagent 
(ascorbic acid) method described in VI 
above is the oaly method currently 
listed ui the Federal Register "List of 
Approved Procedures" for NPDES ■ 
requirements. 
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CONTROL OF ^JERFERI^G IONS IN FLUORIDE DETERMINATIONS 



I Thte principal source of e^ror in fluoride 
analysis/*) presence of interfering ions. 

Tl^te is pawcjilarly true in the colorimetrfc 
^methodfi. as r.an be see 



'methods, as can be see 
lists some ions commonl 
them aftect on^the Standa 
analyses. 



trom Table I which 
found in water and 
Methods fluoride 



A,* In colonmetric analysis ,>one of the 
mechanisms b^jvhich thes^ions cause 
error is the chsriging of the Vjaction rate. 
Since the determination is based on color 

' development^ variations' w reaction rate 
cause va<ia$i6na»in .fluoride reading. 




II Whenever the quantity of interfering ions 
in the water is sufficient to cause an error of 
0, 1 mg/L fluoride, or more. Or Whenever th^ 
analysis is unknown, these interferences ma5t % 
be removed or their effects, diminitfh^d b> one ' 
of the following mej^ods. * 

A* If the. interferences are known to"feeveaused 
* ».&y chemicals added during treatment in- the 
wat'e^. plant, fhe> ma) sometimes be avoided 
by appropriate selection of a sampling 
point within the plant. 



B. 



B Some ions complex *ith either fNorlde, 
in all methods, or with zirconium, in the 
colorimetric methods. When fluoride s 

t complexed, low results are obtained, 
and when zirconium is complex©*], the 
. intensity ofcol6r is altezjti. 



V 



Chlorine bleaches out the colors of'd^es,' 
and must, always be removed before the 
sample can be analyzA colonmetrfcally. 



In "some cases the water sample can be 
diluted to bring the level of an interring 
Ion below the critical, pofrit. This procedure 
10 applicable only when the flUoride level is 
sufficiently high to permit accurate analysis 
on the diluted sample. c 

WheiPthe identity Of ^^interfering* ion 
known, it niay be possible to defect an 
analytical method which has adequate 
tolerance for that ion. 
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* TABLE J. INTERFERENCE? 

Concentration of„Substance t in mg/L # ^equired-to 
Cause an Error of PIub cpMinusJD. 1 mg/L af 
" - I.amg/L p. 



* • 

Alkalinity - 

Aluminum * " 
^Chloride 
' lroft t 

Hoxametaphosphate 
, Phosphate * 

Sulfate* * 

Chlorine , 



% 000 (-)• : 
0.M-)* 
7,000 (+) 

,10 (-)*" 
/ 1.0 ('+) 
16 (+) ' 
200 (+) 



V 



t 

:* . ' ■ 
Electrode m 

, 7 t 000 (+) 
" 3.0 (-) 

20,000 <-) 
* ^00{-) 
>50 # 000. * 
>50 ( OO0 

50; 00*0 <-). 



Must Be Completely . * -f 
Removed With ArGenite >^5 ; 000 



Color & Turbidity,* Must Be Removed or ^* 

Compensated For,' 



*Ahov« FjL#ve«-i9 for Ixptnediate Beading, Allowed to. Stand Two Hours 
- ' Tolerance ie 3. 0 mg/L.. ,Foup Hour Tolerance ia 30 mg/L. 
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Control of Interfering Ions m Fluoride Determinations 



When the compos it ion^gf the unfluondateti 
water i$ known and constant*- equivalent 
quantities of interfering ions can be added 
to the fluoride standards, thereby neutral- 
izing the effect of those ions. 

In all other cases the water sample must 
be distilled. As can be seen from Table I, 
distillation will seldom be necessary when 
the electrode method is usied. 



ill The principle of the distillation, process 
is the conversio*fof fluoride to the volatile 
acid, i^SiFg, in the presence of sulfuric 
acid and silica (glass treads). The fluosiltcic 
acid distills over, leaving most of the inter- 
fering ions behind. „ ^ 

- AjVXhe apparatus used is illustrated in 
Figure 1. It consists of a distillation 
flask, connecting tube and condenser. For 
convenience, apparatus with ground-glass 
joints is used, but a simpler arrangement 
using rubber stoppers is satisfactory 
(Figure 2). - • 

• * / , 

B The critical features of the apparatus 
the diameter of the connecting tube, the 
■■immersion of the thermometer, and fit of 
.'^Poppers an^/or ground-glass joints. 

1 The diameter of the connecting tube * 
must be large enough to preclude the 
carryover of bubbles. 

2 The thermometer must be positioned low 
enough so that it will always be immersed, 

3 Stoppers and joints must be tight enough 
to prevent the loss of fluoride-containing 
vapor, • 

k 

t C The Distillation Procedure is Carried 
Out as Fpllows- 

1 Prepare the still by placing 400 ml dis- 
tilled water, some glass beads and then 
200 ml concentrated acid inUhe, flask. 
Add the acid slbwly and stir thoroughly. 
After all the acid hqs been/added, stir 
again uYitil the mixture is homogeneous. 

s » 

2 -Cannficl the apparatus as shown inlhe „ 
* drawing, start water through the cpn*; 
denser and begm heating slowly. If . 
bumping occurs, the acid and water have 
• not been ijnixed sufficiently, Whbn 
boiling starts, heattnfl^may be increased. 



Continue heating until the temperature 
reacnes 180°C. Discard this distillate* 
since it contains traces of fluoride from* 
the acid and. glassware. This prelim- 
inary procedure also serves toadjust the 
acid-water ratio for subsequent distillations. 




4 Allow the nja^Wo.cool until the temper- 
ature <3rops to 120° C or lower. Measure 
out a 300-ml sampfe and add it to the 
flask. Mix thoroughly. . 

5 Distill as before until the temperature 
reached 180°C. Retain ihe distillate 
(there should be 300 ml) for color lmetnc 
determinations-. . ' \ 

D The distillation pro«^&# must be carried, 
out very careftilly, since there, are 
several possible sources of difficult}. 

I JThe flame under the distillation flask 
imst never touch the sides of the flask ^ 
t above the liquid level. Superheating 

of the vapor results in high sulfate 
^carryover which causes a sulfate inter- 
ference. 



2 All stopperand joints must fit tightlv 
B to prevent loss bf fluoride. 

3 Flask contents must ^ thdr©ughly * 
mixed to prevent bumping. 

4 Distillation must be stopped when the 
temperature reaches 180°C* Higher 
temperatures result in excessive 
sulfate carryover.* 

* 

5 Silver sulfate, at the ratio of 5 mg/mg 

of CI, should be added when fc^gh-chlonde 
samples are distilled. The ; presence of 
silver inhibits the volatilization of HC1 
which, in sufficient quantity, Could 
interfere with the fluopdeyJetermfnation, 

6 When high -fluoride samples £re distilled, 
repeat the distillation using 300 ml'of * 
distilled w^ter. Analyses of the distillate j 
vf\U indicate \iow Complete the fluoride 

• recovery was. If substantial amounts 
of fluoride appear in the second distillate, 
add the quantity to that obtained initially 
and flugtf again. Quantities of less than 
0,1 ttig/L F (0.0$ mg) niay be disregarded. 
• * • • 

7 Because of the simplicity of apparatus and 
procedure, the distillation procedure £an ^ 
be really automated. Modifications in- 
clude magnetic stirring and a thermostat 4 
which turns off a-quartz heating mantle 
when the correct temperature has been 
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Control of Interfering Ions in Fluoride Determinations 



Fig. 1, DISTfLLATION APPARATUS 
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Fig. 2 SIMPLfFlED DISTILLATION APPARATUS 
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Control of Interfering Tons in Fluoride Determtnatibns 



JV COMPLIANCE METHODOLOGY 

A NPDES/Certifications JJ 

9 Manual distillation is not \equi red if 
comparability data on representative 
effluent samples are^n company file ' 
- e to\show that this preliminary distilla-' 
tion step is not necessary. However, 
manual distillation will be required ^ 
to resolve any controversies. 

.Either an ion electrode or the SPADNS 
method may be used for the fluoride 
determination. Hie automated complexone 
meAod is also approved, * 



B Drinking Water 



\ 



The ion electrode, the SPADNS,. the auto- 
mated cQmplexone and the eriochrome 
cyanine R methods are all approved for 
drinking water samples. 4 m ~ 

Preliminary distillation Js required for 
the SPADNS and the eriochroi^e cyanine R 
methods; ~It~ia~airintcgral , pa rt o f th e~ 



autgmated complexone methoti. Distillation ' 
is not required if the ion electrode is used 
for drinking watersampletf. 

REFERENCES 

1 This outline concerns the analysis of 
fluoride* For information about the 
, process of fluoridation, flee Bellack, 
; Fluoridation Engineering Manual. EPA, 1 
OWHMp Water Supply Division. Wash, 
DC, '20460, 1972. > 



2 Standard Methods for the Examination of 
Wajer and WastdtraUr. APHA, 14th ed e> 
p. 389. 1975. ' ^ y ■ » 

3 Bellack. Et Simplified Fluoride Distillation 
Method. 3AWWA 50:530. 1958. 

* - . • /y 
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AMMONIA. NITRITES AND NITRATES 



I * SOURCES AND SIGNIFICANCE OF * 
AMMONIA. NITRITES AND NITRATES 
IN WATER 

The natural occurrence of nitrogen com- *■ 
pounds Id best demonstrated by the nitrogen * 
cycle (Figure 1), 

* 

» 

A Ammonia 

1 * Occurrence 

Ammonia is a product of the micro- 
biological decay of animal andplant i 
protein. In turn, it can be used 
" dirfectly to produce plant protein. 
Many fertilizers/contain ammonia. 

^ Significance / 

Thepresence of ammonia nitrogeft 
m raw surface waters rfiight indicate 
domestic pollution. Its presence^ 
waters used for drinking purposes 
may; require the additiorf of large, 
amounts qf chlorine in order to 
produce a free chlorine residual. 
The chlorine will first react with 
ammonia to form chlorapninps be- 
fore it exert 8 its full bactericidal 
effects (free chlorine residual). 



The presence of large quantities 
indicates a source of wastewater 
pollution. * *v 



C Nit|ates • * 

1 Occurrence 

Nitrate formers convert nitrites m 
."under aerobic conditions to nitrates 

<nitrobacter). During electrical 
, storms, large amounts of nitrogen 
(N*2) are oxidized to form nitrated* 
Finally, nitrates can be found m 
fertilizers. 

JT 

2 Significance 

■ 

Nitrates m water usually indicate 
the final stages of biological sta- 
bilization. Nitrate rich effluents 
discharging into receiving waters 
can. under proper environmental 
conditions, cause stress to stream 
quality by producing algal blooms. 
Drinking water containing exces- 
sive amounts of nitrates can cause 
infant methemoglobinemia* 



B ' Nitrites 



Occurrence 



4^ 



Nitrite nitrogen occurs inj/at v er 
as a n intermediate stage iij t h e 
biological decomposition of organic 
nitrogen Nitrite -formers (nltro- 
somonas) convert ammonia under 
aerobic conditions to nitrites.' The 
bacterial reduction of nitrates <*fcn 
also produce nitrites under anaero- 
bic conditions. Nitrite is used as 
a corrosion inhibitor in industrial 
protess water 

Significance 

Nitrites are usually not found in 
surface water to a great extent. 



II m PRESERVATION OF AMMONIA. NlfBATE 
AND NITRITE SAMPLES* 8 ' ° 

A If the sample is to be analyzed for Ammonia, 

Nitrate or Nitnte. cool to 4*C and analyze m + 
0 within 24 hodrtf (45 hours for nitrite). 

B For Ammonia or Nitrate plus Nitrite* the tai^e 
can be, extended Oy lowering the sample, pH to * 
less than 2 by the addition of concentrated 
v sulfuric acid and storing at 4°<^. (2 ml of acid 
X per iiteV in usually sufficient. Check with 
pH paper). 

* i ' 

C Mercuric chloride is efiective as a preservative, 
use is discouraged because: 



^.N.Sh. 11.80, 
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1 The^Hg^ton interferes with sgme of the 
riitrogen tests, 

2 /The jig presents a cjispdsal problem. 

Even when "preserved", conversion from one 
nitrogen form to another may occur* Saxriples 
shcjtiidbe analyzed, as soon as possible* 
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Ammonia, Nitrites and Nitrates 



HI DETERMINATION OF AMMONIA 
A^- . Nesslerization * 



1 , Reaction \ 

Nessler's reagent, a strong 
*. alkaline solution of potassium 
tnercunc iodide, combines 
with NH3 in alkaline solution 
to form a yellowish J>rown 
colloidal dispersion. 

'^2 H « ! 4 * NH3 *'3KOH 



^«team distillable, the interference 
may*b€^hminate?ti in the distillation 



method* 



d • Many organic and inorganic compounds 
equate a turbWity interference in this 
colorimetric test. Therefore* direet 
• nesslerfteation is not a recognized 
method. The following distillation 
procedure is a required, preliminary 
treatment* 



B Distillation 



(6, In 8) 



1 

Hg/ 
\ 



O + 7KI + 2 



x 



Reaction 

\ 

a The sample is distilled in 
the presence of a borate 
buffer at pH 9.5 



NH 4 + < 



-^NH"3 + 



Yellow -Brown 

The intensity of the c*olor 
followartlTe £ ee r - LSnb e r fEaw 
and exhibits maximunr absorp- 
tion at 425 nm. 

2 Interferences 

a Nessler's 'reagent foTms" 
a precipitate with .some 
ions (e.g., Ca ++ , Mg ++ , 
Fje" 1 "** and S"). These 
idns can be eliminated in a 
pretreatment fltfcculation 
f\ep with zinc sulfate £md 
alkali. Also/ EDTA or 
Rochellesalt solution pre-t 
vents precipitation with 
Ca ++ or Mg"*™*". ^ 

b Residualchlorl/ie indicates 
ammonia maybe present 
in the forrifbf^chloramineA. 
The addition of podium thio- 
sulfate will convert these\ 
chloramines to ammonia* 



H+ + Na 2 B 4 0 7 
Buffer 



pH 9,5 maintained 



The ammonia in the dis- 
tillate is 1 then measured By 
either o^Jtwo techniques. 

1) Nesslerization isustti - 
fortsamples containing * 

a less than 1 mg/l of 
ammonia nitrogen. '* 8) 
* • 

2) Absorptionbf NH 3 by . 
* boric acid and back ti- 
tration with a standard , * 
8trona*atci4 is faore 
suitable for samples % . 
containing more than . 

1 mg 1*1*3- N/1 <6- i, 8) 



& + 



HBO* 



nh 4 + + bo 2 ; 



Certain organises may 
produce an off color with 
Nessler's reagent. If 
these compounds are not 



9 
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B0 2 - + H+ Meth ? Red , HB© 2 

Methylene Blue 

pH 7.8 -8.0 pH 6.81- 7.0 
Green Purple • • 
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2 Interferences 

a Cynatq may hydrolyze, evenjat 

^ ph 9. s; 



Volatile organic© may come oyer in 
the distillate, causing an off-color 
for Nesslenzation. Aliphat;c\and 
aromatic amines cause positive 
interference by reacting in the acid 
titration. Some of these can be 
boiled off at pH 2 to 3 prior to 
distillation. 



c Residual chlorine must be removed 
by pretreatment with sodium 
thiosulfate. ^ 

d If a mercury salt was used for 
preservation, the mercury ion 
must be complexed with sodium 
thiosulfate (0. 2 3) prior to distil- 
lation. ' 

3 Precision and-Accuracy^ 

Twenty-four analysts in sixteen 
laboratories analyzed natural water 

.samples containing the following 
amounts of ammonia nitrogen: 
0. 21, 4), 26, 1.7!* and 1.92 mg 

s Nri 3 -*#liter. > 

A. * • 

a Predion 

* The standard deviation was: 0, f22, 
0**70, 0. 244, and 0. 279 mg' 
NH 3 -^/liter > respectively/. . 

* * * 

b Accuracy . , 

' Th%^s waa« -0.01* *0, 05. j 
+ 0.01, and -0>t)4 mg Nty-fl/HAta 
respectively/ 

C. Selective Ion Elective' 8 * 

It Principle • 

m A hydrophobic, gas-permeable mem- 
brane is used to /separate the" sample 
arfutiOn (toixi an ammonium chloride 

* internal solution. 2*he r ammonia in 
— the sample diffuses through the 
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membrane and alters the pH of the 
internal^solution, which is sensed by 

* a pH electrode. The constant level of 
chloride in the internal solution is 
sensed by-a chloride selective ion 

' electrode which acts as the reference 
electrode 

■ 2 Interference^ * * 

^* * * * 

m a Volatile amines are a positive 
interference, 

/ 

b Mercury forms a complex with 
ammonia so it should not be used 

# as a preservative, 

*•* 3 Precision and Accuracy . 

In a single laboratory (EPA) four surface 
water samples were analyzed containing 
t&e following amounts ammonia v . 
nitrogen, .1.00, 0,77, 0. 19, and 0. 13 mg ^ 
NHg-N/hter. 

a Precision * , 

w The standard deviations were 0. 038, 

0,Q>17, 0.007, arid 0.003 mg 
4 #/ Nf^-N/hter, respectively, 

b Accuracy 

i 

The % recovery on the 0. 19, and 0. 13 
concentrations was 96% and 91% ^ 
respectively, * 

it 

D -NFpES Ammonia Methodology 

# 

* — V 1 , * 

Manual distillation is not required if compara- 
bility data on representative effluent samples 
are on cojnp&iy file to show th%t thi3 prelimin- 
ary distillation iMot necessary. However, 
manual distillatioiOK&l be required to, resolve 
any controversies. 

NessleVieation, titration, and the selectiv^ion 
electrode are all recognized methods. The 
automated phenolate, method is also cited. 
i 

IV DETERMINATION OF NITRITE 

A plazotivtion* 6 * 81 * 4 • 

* * 1 Reaction 

*f Under* acid conditions, nitrite ions 
Veact with sJWanilic acid to form 



a dlazp compound, 



/ Ammonia, Nitrites and Nitrates 



/ 



b The dlazo compound then couples 
with a - naphthylamLtfte to form an 
intense red azo dye which exhibits 
maximum absorption at 540 nm, 

T c • Diazotizaflon of Sulfanilamide ' 



N = 



N 



up* 



S^H 



+N0 2 + 2H 



+. 



pH 1.4 



+ 2H 2 0 



§^ 3 H 



SULFANILIC ACID DIAZOMUM COMPOUND 

* » » 

d Coupling 
+ ' 
N =N 



so 3 h 




PH 
2.0- 
2.5 



intense red azo dye 



2 Interferences 



a* There are very few known inter- % 

ferences at concentrations less 
1 than 1000 times that of nitrite. 

b- High alkalinity (greater than 

606 mg/liter) will give low results 
due to a sflDt in pft.' 

■/ . ■ 

c Strong -oxidants or reductants in 
the sample also give low results, 

3 Precision 

On a synthetic sample containing 
, V*'<h 25 mg nitrite niti*>gen/'l, the ARS 
Wat^r Minerals Study (19^1) Reported 
lis results with a standard deviation 
of + 0.Q29 mg/l.. 



B NPDES Nitrite Methodology 

The colorinietrlc diazotlzatlon method, 
either manual or automated, Is the only 
one cited in the Federal JRegtster^ 



V DETERMINATION OF NITRATE 
A Bruclne Sulfate* 6 ' 7 ' 8 * 

1 Reaction 

Bruclne sulfate reacts with nitrate 
in a-l3N Sulfuric acid solution to 
form a"yellow complex which ex- 
hibits maximum absorption at 410 nm. 
Temperature control of the color 
reaction la extremely critical. The 
reaction does not always follow " 
1 Beer's Law, However, a modifica- 
tion by Jejiklns and Medsker< 2 ' has 
been developed. Conditions are • 
controlled in the reaction so that , 
Beer's Law Is fdllowed for concen- 
trations troinjfcJJ>££jng nitrate 
* N/lltejfrf"" file Kiealran^la^from 
0. 1 to 1 mg N0 3 -N/ liter. 

2 Interferences 

\ a^Nltrltp may react tJie same as 
y nltrMe but can be eliminated 
'* by the addition of sulfanmc acid 
* to the bruclne reagent. \ 

b Organic nitrogen compounds may 
hydroly^e and give positive Inter- 
ference at low (less than^T mg/1) 
nitrate nitrogen concentrations. 
A correction factor can be deter- 
mined by running a duplicate of 
v the sample .with all the reage'nte 
except the bruclne-sulfanlllc ?cld. 

c Residual chlbrlne may be eliminated 
by the addition of sodium arsenlte. 

w W 

d' Strong oxidizing or reducing agents 
Interfere. * 

e The effect of salinity Is eliminated 

by addition of sod turn chloride to 
' the blinks, standards and samples. 
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3 Precision and Accuracy* 8 ? 

a Twenty-seven analysts in 15 l^b- 
oratories analyzed 1 natural * 
water samples containing the* 
following increments of inorganic 
nitrate: 0,16. 0. 19, 1.08 and 
1. 24 mg N/ liter. 

j 

b Precision results as standard 
deviation were 0. 092. 0*. 083. 
0.245. and 0.214 mg N/liter 
respectively. 

c Accuracy expressed as b'las was 
-0. 01, + 0. 02, + 0. 04 and + 0. 0.4 
* ^ • m 8 N/liter, respectively. . 

0 

B Cadmium Reduction* 6 ' P) 

1 Reaction k 

A non-turbid sample is passed through 
a column containing granulated 
copper-cadmium to reduce nitrate 
to nitrite.' The nitrite (that originally 
present plus reduced nitrate) is deter* 
mined by diazotizing with sulfanilamide 
and coupling with N-U-naphthyl)- 
ethylenediamine d Hydrochloride to 
. * form an intensely colored azo dye 

which is measured spectrophotometrically. 

To obtain the value for only nitrate* 
more of the non-turbid sample is tested 
using the same colorimetric reaction 
but without passing it through the re- 
duction column. The resulting value 
represents the nitrite originally present 
in the sample* Subtracting this nitrite 
value for the non-reduced sample from 
the nitrate + nitrite value for the re- 
duced sample gives the value for nitrate 
origtpally present in' the sample* 



rferences 
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a Build-up of suspended fnatter in 
the reduction column will restrict 
sample flow. Filtration of floc-v^ 
culation with zinc sulfate strict 
reihovV turbidity. m ' 

% b High concentrations of irop. 
copper or other metals may 
Interfere. ED^A is used to 
■ complex these. ■ . 

m' ' • • ' • • 



c Large concentrations of oil and 
grease in a sample can coat the 
surface of the cadpuum. Pre- 
extracting the sample with an 
organic solvent Removes oil arid 
, grease. 

3 Precision and accuracy^* 

In 11 laboratories, three sample 
were analyzed containing the follow- 
ing amounts of nitrate nitrogen 
0.05, 0.5. and 5 mg 
% N0 3 -N/hter. 

a Precision 

The relative Standard deviation 
yras 96, 4%. 25. 6%. 'and 9. 2%, • 
respectively. 



V 



b Accuracy 



The relative erjror was 47. 3%. 
6,4%. and 1.0%. respectively, 

4 Automated cadmium reduction 

Standard Methods* 6 * the EPA Methdj^ 
-Manual^' contain details for the auto-£ " 
mated'procedure. 

9 

C Hydrazine Reduction 

*+ 

A method using hydrazine to reduce 
nitrate to nitrite followed by subsequent 
measurement of nitrite by diazotization 
was reported by Fishman. eft ai/ 1 ' 
^ * I 

* The m^ans -to determine nitrate is the 
same as above in the Cadmium Reduction 
Method. Subtraction of nitrite (deter- 
mined from non-redticec) aj&iple) from 
the total nitrite (reduced nitrate + 
original nitrite) will give the original* * * 

* nitrate nitrogen concentration. 



procedure was' adapted to the Auto 
iyzer by Kamphake, et al. 



The 

Analyzer 

The method was revised In 1978 and 
printed tn the EPA Methods Manual' 8 * 



93 



Ammonia. Nitrites and Nitrates 



D Compliande Nitrate Methodology 

1 NPDES/ Certifications ^ 

• 

The Federal Register lists the jbrucine 
sulfate, cadmium reduction dnd auto- 
• mated cadmium reduction or hydrazine 
reduction methods. 

2 Drinking Water 

The'IMerim Primary Drinking Water 
Regulations; Amendments in the 
August 27, 1980 Federal Register 
page 57344 lists the brucine sulfate, 
cadmium reduction and automated 
cadmium reduction, and the automated 
hydrazine reduction methods as approved. 
Check this Federal leister for a list 
of the approved sources of the procedure 
to be s followed for each method. 
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TESTING FOR SOLIDS IN WATER SAMPLES 



/ 

I INTRODUCTION 



This outline presents the reasons why 
solids determinations are Important 
to water quality improvement and a 
discussion of the various tests to obtain 
data 'for solids In water samples . r 

11 'SOLIDS AND WATER QUALITY 

A Water Quality and Health Significance 



The presence of solids affects the 
following: 

. I Aesthetic quality of water 

2 Aquatic life 

3 Biological activity 

4 Concentration of organic materials 

5 Palatibility of drinking water 

6 Physiological reactions to drinking 
water i 

B Wastewater Treatment Plant "(WWTP) 
Control Significance 

Data obtained for solids is useful in 

determining: 
i 

1 Treatment requirements 

2 Flow rate and loading, information 

3 Effectiveness of treatment processes 

4 Oxygen Remand 

5 Quajity of effluent 

ill SAMPLE HANDLING 

A Containers — , 

Use glass bottles or plastic containers 
that resist adsorption of particles onto 
walls. 



B Preservation 



t^^t 



Use no preservative. Cool at 4FC to 
minimize mldroblologlcal decomposition 
of solids. 



C , HoldingSTime-Analyze as soon as 
possibly Check about current 
maximum holding time for regulatory 
samples. 



IV NATIONAL POLLUTANT DISCHARGE 
'ELIMINATION SYSTEM* (NPDES) 
SOLIDS TESTS: 

• ■ 

The various tests for solids are grouped 
under the title of "Residue" In the 
Federal Register "Guidelines Establish^ 
ing Test Procedures for the Analysis 
of Pollutants". Q> The tests listed there 
are: $ 

A "'fbtal Residue, mg/ liter 
* 

Gravimetric 103-105°C< 2 >< 3 > 

• * 

B Total dissolved (filterable) residue, 
mg/ liter 

• • 
Glass fiber filtration l80*C< 2 >t 3 ^ 

C Total suspended (noiMUtferable) residue, 
mg/ liter 

s " < 

Glass fiber' filtration 103-105 <> C (2)(3) 

D Settleable residue, ml/liter or mg/liter 
volumetric ' 2 H 3 > or gravimetric* 3 ) 



E Total volatile residue, mg/liter 4 
Gravimetric 550*C (2)(3) 

V SIGNIFICANCE OF TEST RESULTS 

Tests for solids do not yield extremely 
accurate results. Interferences and 
sources of error are listed for each of 
the tests later in this outline.* 

Because there are so many variables, 
total solids and the various IportioDs ^ 
of solids are most practically defined 
in terms of the test conditions used for 
their determlhation. Using the term 
"residue" emphasizes that the data * 



t 
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obtained is for matter wfcich remains' 
after applying treatments specified by 
a standard test procedure., 

VI. GRAVIMETRIC METHODOLOGY FOR 
SOLIDS TESTS 

All of the tests fqfr solids are gravimetric. 
(Settleable solids may also be reported 
in terms of volume ), Gravimetric 
methodology applied to solids involves 
weighing the residue that remains after 
- the water in the sample has been separated 
from the solids either by evaporation or 
by filtratton. Thfc resulting residue 
should bfe completely dried beforfe 
weighing. Its container Is weighed before 
using* then weighed again while containing 
the residue. The difference in these 
weights isithe w^igh^or the residue. 

Containers < 

The choice of "containers" depends on, 
the requirements of the test. 

1 Evaporating dishes - these are used 
for total, total dissolved (filterable), 
and total volatile or volatile dissolved 
Xesldu^SA They ar^to be made of 
porcelain, platinum or vycor. Dishes 
with a capacity of 100 ml are commonly 
, used. ' 
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2 Glass fiberi filter discs • these are 
used for total suspended (non-filter- 
able settleaMe* and volatile suspended 
" residues. They are^ be made of glass 
. fiber 8 and without, organic binder. 
The discs are very fragile and must 
be handled carefully. 

i 

The<4Iameter of the disc depends on. 
the requirements of the filtration 
apparatus. Gooch crucibles or a funnel 
apparatus which includes a course (40-60 
microns) fritted disc can be used as a 
support during filtration so 2. 2 cm or 4. 7 
£m diameters are common disc sizes. For 
, the dry-cooroperations* a'Gooch crucible 
or planchet made of aluminum or stain* 
less .steel can used to support the diac. 
J (A watch-glass can be used instead of the 
planchet). 

) • 1 



0G 



The final weight 'is for a Gooch - 
crucible containing a disc or else 

* for a disc. 

i . r + 

* 

B Drying Temperatures • 

For JNPDES testing, the temperature 
specified for the fiitfil drying of total_ 
$nd suspended residues is 103- 105 °C 
whil6 the temperature specified for 
total dissohjed residue is 180+2°C. 
.The lower temperature \k intended to ' 
facilitate the measurement of volatile 
substances while the higher is to 
measure anhydrflbs inorganic substances. 
This is in keeping with the intent of the 
different tests. 1. e. . io measure 
separate waste characteristics. 

~ TW U ~d«&fred 'discussion of the effect 
.of different drying temperatures on 
results for these tests see Standard 
Methods. < 3 > 

0 

C Check for Complete Drying 

/• 

JThree of the test procedures specify »/ 
repeating the "drying cycle" until a 
constant weight is obtained. 

The 'drying cycle" consists of drying 
the residue separated from the sample 
(either by evaporation or filtration) in 
a drying oven at the temperature specified 
tor the test. The residufe ln/omts con- 
tainer^ next cooled to room temperature 
in a desiccator, then weighed on an 
analytical balance. 

* 

As a- check on complete drying, the 
a # dry-cool-weigh steps fire repeated and 
the weight is compared to the first 
weight obtained. ■ ' , 

Ideally, the weight will be the same or 
within the balance err*or. However* 

• each procedure specifies the maximum 
acceptable difference between the weights. 
If the difference exceeds this limft. the 
drying cycle is to be repeated and the 
secqnd and third weights compared and 

so on%ntil the check limit is satisfied. 

If significant grease or oil U. present in . 
residilfca, it Is difficult to c6mpletely 

• dry them. / . 
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Experience" with a particular test for 
samples from the jaame source enables 
an analyst to establish initial drying j 
times that will accomplish complete -y 
drying and minimize the n$ed for many 
repetitions of the drying cycle. 

In some cases* using less sample volume 
is advantageous, If incomplete drying is 
caused by too much residue which can 
entrap water. 



VU. TOTAL RESIDUE 

A Operational^Definition* 

, * The matter remaining in an evaporating 
dish after evaporating* off the water from 
a sample, then drying the material to 
constant weight a^ 103 -105 °C. 

B Water Quality Effects 

Total residue is originally dissolved or 
suspended in water. Some suspended 
matter will settle if the water £s not 
greatly disturbed. The.effecUof solids 
.on water quality often depends on which 
type it is. These effects are listed, 
then* under those headings. 

Any of the forms of solids can demand 
oxygen and this affects the supply of 
oxygen available for aquatic life and 
natural decomposition processes. 

* M 
C Wastewater Treatment Plant Control 
Signific&rce 

1 Loading criteria- 

2 Solids retention is a function of A 
incoming solids to unit solids. 

* 

D Summary of Method^ 3 * k 

A well-hitxed aliquot "of the sample is 
quantitatively-transferred to j* pre- 
weighed evaporating dish and evaporated, 
s then dried to constant weight at 103- 105 *C. 

E Sample Volume 

Choose an aliquot of sample sufficient to 
contain a*residue of at least 25 mg. 



F Interferences and/ or Sources of Error 

1 Ordinarily* non- representative par- 
ticulates such as leaves* sticks* etc<, 

are removed^rom the sample-before 
processing it. * . 

2 Floating oil and grease should be 
included in the sample and dispersed 
by a blender device before aliquoting. 

-* r 

3* If evaporation is conducted in a drying 
oven** lower the temperature to about 
98*C during the initial process to w 
prevent boiling and spattering of the 
, sample. Final drying is done at 
103-105°C % 

i 

4 Results are subject to negative error 
due to loss of volatile materials during 
evaporation. 

/ 

G Check on Complete Drying • . * 

Dry to constant weight at 103- 105 °C* 
This Entails repeating the drying cycle 
and comparing the weights obtained. 
Hie loss of weight should be less than 
4% of the previous weight or 0. 5 mg, 
whichever is less. ♦ 



VI1L TOTAL* DISSOLVED (FILTERABLE) 
RESIDUE 

I 

* A Operational Definition 

Those solids capable of passing through 
, u glass fiber filter and dried to constant 
weight arl80°C. 

B Water Quality Effects 

• 1 I*ublic V^ater Supplies 1 taste, physio- 
logical effects, toxicity* corrosion 

2 Irrigation - nutrient balance* toxicity* 
osmotic pressure # - ( • 

3 livestock -.taste, physiolqgical effects* 
toxicity ^ - — . 

4 Aquatic Life - nutrients, toxicity, 
osmotic pressure 



\ 
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Note: Bacteria can synthesize 
dissolved solids to suspended solids 
and also to settleable solids. 
* ■ 

C Wastewater Treatment Plant Control 
Significance 

» * 

1 Loading according to oxidation 
requirements, ♦ 

2 Indication of possible agglomeration 
problems. 

* * 

D Summary of iMethod (2)(3 > 

m 

A well-mixed sample is filtertfcfthrough 
a standard glass /iber filter, An aliquot 

i of the filtrate is quantitatively transferred 
to a pre-weighed evaporating dish and 

» evaporated* then dried tOLjjpnstant 
• w*l£ht at 180*C, . ^ 

*E Sample Volume , 

Too much residue in the dish can crust 
over and entrap water that will not be 
driven off during drying. To help prevent 
IWs, a vdjume of sample yielding a 
maximum residue of 200 mg is suggested. 
* • 

Specific^conductance or ion exchange 
tests can be used to estimate a sample 
size with an appropriate concentration,^) 

F Interferences and/or Sources of Erroc 



1 



If evaporation is conducted in a drying 
<*£ven, lower the temperature to about 
98*C during the initial process to 
present boiling' and spattering of the 
sample* Final drying is done at 
180+2°C. ✓ 



pnents, e.g. 



Hygro s copic comppn _ 

Ca+ 2 , Mg +2 . CV l \ S04'*, require 
prolonged drying and desiccation, 
followed by rapid weighing. 



Bicarbonate component requires 
careful and prolonged drying to 
insure cpnversion to carbonate* 

Because of the physical nature of 
glass fiber filters, the absolute pftre 
size cannot be controlled or measured* 
This affects results* 
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G Check on Ccjmplete Drying 

Dry to constant weigh^at 180+2 # C, 
i* , repeat the drying cycle" until 
the weight loss is less than 0, 5 mg. 



IX. TOTAL SUSPENDED (NON-FILTERABLE) 
• RESIDUE 

A Operational Definition * 

Those solids which are retained by a 
glass fiber filter and drijjd to constant 
weight at *03-105tC 

'*< * * 

B Water Quality Effects, 

1 Water Supplies - possible oxidation 
and/or agglomeration 

2 Irrigation - plant growth and qukHty. 
< soil quality, functioning of equipment 

3 Recreation - Aesthetics 

* ' i 

C Wastewater X reatment Plant Control 
Significance 

1 Loading criteria for digesters 
• according to possible oxygen demand 

2 Check on clarifier efficiency < 

3 ' Balance of solids check 

4 Settleability character* sticfe 

5 Check on quality of effluent 



Requirements for National Pollutant 
Discharge Elimination System (NPDES) 

1 All Secondary Treatment Plants , 

a The arithmetic average for effluent 
samples collected in a 30 consecu- 
tive day perlQd^rfiall not exceed r 

* 30 mg/liter, 

b The arithmeti^average for effluent 
samples collected in a 7 consecutive 
day period will not exceed ' 
* 45 mg/liter, 

t: In a 30 consecutive day period, 
the average of the total suspended 
(non -filterable) solids in effluent 
samples shall no\ exceed 15% of 
the average of "the total suspended 
solids in influent samples aoUected 
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at approximately the same times. 
This constitutes 85ft removal of ^ 
such sohds during the treatment 
process, . \ 

2 , Waste Stabilization Ponds 
«. 

These fall under special regulations 

if they are the sole process usfed for- 

secondary treatment, if the maximum 

design capacity is two million gallons 

per day or less* and If operation and. ^ 

maintenance data indicate that Jthe above 

„ requirements cannot achieved. 
* 

The EPA Regional Administrator (or 
the State subject to EPA approval) ' ' 
is authorized to adjust the minimum 
• levels so they conforxqrto the suspended 
solids concentrations achievable with 
best waste stabilization pond technology* 
These levels vary with geographies* 
locations. » 



E Summary of Method (2)(3) 



2 Samples high in dissolved (filterable) 
solids may be subject to a positive 
interference. Exercise care in, 

• selecting the filter apparatus so 
that washing of the filter minimizes 
this potential interference. 

3 Tlje # filter tjisc should be dried Jo 
constant weight (agseem^nt within 
0* 5 mg) before use* 

» 

4. Consistent technique in carrying 
out the steps of the test as specified 
can control procedural variables 
which will affect results. 

5 s Because of the^ physical nature of 
' glass fiber fillers, the absolute 
pore size carihot be controlled 
or measured. This affects results. 

H Check on Complete Drving 

Dry to constant weight aVl03-105°c/ 
i, e, , repeat fii& drying cycle until 
the weight loss is less thaxfrf* 5 mg. « 



/ A well- mixed sample is Quantitatively 
, transferred to a -filtration apparatus arid 
filtered throygh & pre-weighed glass fiber 
filter* The residue retained on the 
filter is drifed^to constant weight at 
103-105 # C. * , ■ 

F ■ Sample Volume , 

The choice of volume is related to the 
\ size of the glaps fiber filter used for 
. the Utet, A volume that will yield at , 
least 1.6 mg is*cited in the EPA 
Methods Manual* 2 * for a 4.7 cm 
diameter filter, or else a weight of 
, ^ residue in the same proportion for > 
other size filters. (For example, 
to. 47 mg for a 2.2 cm diameter filter). 

The ^ame manual 2 * presents a scheme 
to estimate tke volume of sample to 
use when the suspended solids content 
significantly affects^he rate of the 
* filtration procedure. 

G interferences andfor Sources of Error 

1 Ordinarily, non-representative 

particulates such as leaves, sticks, 
$tc. • *re removed from the sample 
, before processing it. 



* SETtLEABLE RESIDUE 
A Operational Definition 



That matter which will not stay in \ 
suspension during^a one^hour settling ( 
period. * \ 

B Water Quality Effects*' I 




Aesthetics fr- 
inges - affects 



1 f Recreation 

2 Mectfanical 
" navigation < 

3 Blanket efrecHlestroys bottom 
_fauna«and biota, and spawning 
"grounds. It alsb effects organic 

waste decomppsition, { 

4 Organic components can deplete 
bottom oxygen and cause production 

* of noxious gases like* hydrogen su *~ 
fide. 

5 Matter can adsorb metals and 
cause ttjeir concentration. 
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Wastewater Treatment plant Contrpl, 
Significance ' * 

1 Data can be used to check if fjow 
rates are correct in aeration 
K tanks. * ~ 

^2 Settleability characteristics^ 

especially that of compact ion* ■» 
can be used to determine 
return- sludge rate and when to 
waste* * * • 1 y 

Summary of Methods * - 

1 ' Gravimetric* 3 * 

The mg/ liter of total suspended 
(non-filterable) residue is deter- 
mined for4he sample as described 
tn IX E above. 

1 

Then the mg/ liter non- settleable 
suspended residue is determined 
Ihthesame manner, but on an 
aliquot of sample drawn from 
the middle of the supernatant in 
one liter of sample that has .ertoocl 
quiescent for one hour., ■ 

The mg/ liter settleable matter .is 
the difference between the total f ' 
4 suspended and th$ non- settleable 
* suspended residues. , 

2 Volumetric* 3 * 

One liter of well-mixed sample 
is contained ^ an Ixnhoff Cone * 
for a total of one hotir. 'then 
the. volume of settled matt^ir 
is recorded as ml/ liter. m 

Sample. Volume 1 ■ / 

1 Gravimetric * - ' , • ' 

* a For the total suspended (non,- 
filtepable) residue, see IX F 
above. " . j 

b For the non- settleable sus- 
pended aliquot/- the test 
specifies one liter or more 



of sample for the settling 
operation, and 250 ml of > 
the resulting supernatant 
"R5r processing. • 



Volumetric 

One liter is specified. 



6 



F Interferences and/ or Sources of Error 

1 . Provision rpust be made to ensure 
^quiescence during the settling 
, . period. 

2. , Sample should not stand in 
sunlight. . 

G Chpclfon Complete Drying * 

For the gravimetric method, -the final 
reshJues are the suspended .(non- 
filterable) residues on a filter disc* 
The j dryin^cycle should be repeated 
until the ffefr 1088 is liss than 



0.5 mg. 



XI 
A 



TOTAL VOLATILE RESIDUE 

Pperational Definition * * * 

* i 

. 

That matter regaining after igniting ( 
a dried j total residue at550°C in 
* a muffle furnace for 15*20 minuses. 

B Water Quality, Effects 

Matter that can undergo corrfbustion 
has the potential to be oxidized. Such » 
i solids can cause dissolved oxygen 
depletion which afflcts aquatic life 
and natural organib Waste decomposition. 

C/ Wastewater Treatment Plant jControl 
Significance/ ' , 

This data provides: \ 
» • * 

1* A rough estimate of organic matter 
present . 

2 A monitor for treatment* progress^ 

3 A ohack*on digester Efficiency 



1 
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D ( Summary bf Method* 3 * 



The dried, weighed residue ob- 
tained from the* determination of 
total solids (Vtt D above) is 
ignited at 550;C in a muffle 
furnace for 15*20 minutes, then . 
cooled and weighed. The differences 
,in the weights before a^d after ' 
ignition'is the total, volatile * 
residue. , m ' 

' * 
A volatile residue Ignition might 
also be applied, to residues obtained 
from dis^oVed (filterable) or - 
suspended (non-Jiltera&le) deter- 
minations* Such data is useful 
for treatment plani control. 



E Sample Sizes . 

*♦ . * 

• This test iq performed on a dried* 

weighed residue resulting from one i 

of the tests above (total* suspended fc 

or dissolved residues), * 

* f« 

F * Interferences ancVor Sources of, Error 
i 

1 Lack of control for the temperature 
of the muffle furnace 
, V 

^2 Residues are often very hygroscopic 
so weighings ratfst be performed 
♦ a& soon^aS the container and 

* Residue are cooi. 

3 The principal source -of errt>r Is 
failtire to obtain a representative 
sample. * * 

4 * Loss of ammonium carbonate, 
water of crystallization* and/ or 
loss of voliatile organic Matter 
may occur during drying cycles 
prior to combustion, 

\V • 

5 There may be incomplete oxidation 
-^of certian complex organic s. and 

decomposition of mineral salts 
.during combustion. 

6 Results should not be considered 
as an accurate measure of organic 
carbon, but may be useful as a 



f control test in a wastewater 
treatment plant".. 

G Check on Drying to Constant Weight 

The proc^dure^ 3 ) does not specify 
a check for consiant^weight when * 
determining volatile residues. 

1 'Such residues sute often very 
. hygroscopic so it is difficult 
to obtain an accurate Weight. 

* 

.2 The data is rtc^ an extremely 
' * accurate measure of volatiles* 

3 "The data is*ustt£lly used for 
1 control of waste treatment 
processed. 
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I INTRODUCTION ' 

* '{ * 

Turbidity as a waT*?r quality index refers 

to the degree of cloudiness «presen£*- a " 
Conversely, it is an index of clarity. 

A "Definition'*'. 

Turbidity is an expression of the optical 
property th^t pauses light to tte scattered 
and absorbed rather than transmitted in 

* straight lines through samples of water. 

8 Relationship to Suspended Sohds 

This' optical property, turbidity # is 
caused by suspended matter. The size* 
< shape antJ reflection/absorption 7 
properties of that matter (not its weight) 
determine the degree of optical effects* 
IJ is very possible to have water with 
High turbidity but very low mg/L sus- 
pended solids* Thus one cannot use 
turbidity results to estimate the weight 
concentration and specific gravity of the 
suspended matter., t 



C Causes » 

4 

1 clay*, s&n& t 

2 erosion products 

- 3 microscopic &nd macroscopic 
i # organises 

4 finely divided organic products 



\ 



6 others 



* \ * ' (2) - 

D, Effects on Water Qualify , 1 

" * * 

' turbidity is kn indicator^ possible - 
suspended matter effects such as 
impeding effective chlorine .disinfection 
and clogging fish gills. H6w6ver, the 
/^following list is limited to tHose effects 
aasocia^d with the opHca} {clarity)" 
nature of turbidity 



/ 
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1 Reducing clarify in w^J'er 

a drinking water quality 

• b f&od processing 

* c industrial processes # 

d fiph (seeing natural food) 

e swimming/water sports 

2 Obscuring objects in water , 

a submerged hazards 
b water Sports 

3 Light penetration ■ 

a affects depth of compensation 
point for photosynthetic activity 
(primary food production). 

4 Thermal Effects 
» ■ 

> 

High turbidity cay^es near surface 
waters to become heated because of 
- the heat absorbancy of the particulate 
matter*, 

. a Results in lower rate of oxygen - 
transfer from air to water. A 

$ 

b Stabilizes water column and * 
prevents vertical mixing. 

1 decreases downward dispersion 
of dissolved oxygen 

■ %> ■ 

«s decreases downward dispersion 
of nutrients 

(2) 

E Criteria for Standards 

* m 

1 Finished Drinking Water - Maximum * - 
of one unit where the water enters the • 
distribution system* The proposed 
standard is one unit monthly average and 
five uxiits average jof two consecutive da^s. 
l/nder certain conditiohs a five unit ^ 
jnonlhly average may apply at state option^ 

*2 For Freshwater Agnatic Life and 

Wildlife - The combined effect of color 
and turbidity should not change the 
« 

' 15-1 



Turbidity 



compensation point mpr^ than 10% 
from its seasonally estaOTished 
norm, x\or should such a change 
place more than 10% of the biomass of 
photosynthetic organisms below the 
* . compensation point, . ( > 

3 Turbidity Criteria Used by Industries: 

a Textiles - 0. 3 to 5 units 

b Paper and allied products - flanges 
from 10 to 100 units, depending on - 
type of paper. 

c Canned, dried and frozen fronts and 
vegetables - Same as for finished 
drinking water ( 1 ttfrbidity unit). 

I^F Processes to Remove Turbidity (Solids) 

* 1 Coagulation 

a pre-chlorination enhances coagulation 

2 Sedimentation 

3 Filtration 

4 ' Aeration ' 
P 5 Others 



ii visual methods to estimate ^ 
* turbidity' 

A Early Efforts 

In the early 1900's, Whipple and Jackson 
measured turbidity and developed a calibra- 
tion scale for turbidity instruments. 

B Jackson Candle Turbidimeter . 



Later "Jackson developed apparatus 
which utilized the same "extinction 1 * 
principle as the instrument devised 
earlier with Whipple. ' 



1 Instrument 



Spnng lofldtd 
Cylinder 




Gl«»i Tubt 



Mtrol Twbt 



Figuf* 1 JACKSON CANDLE 
TURBIDIMETER 

*» 

t w 

The sample was poured *nto a flat- 
bottomed, graduated glass tube * 
held over a special caijdle. A 
turbidity reading was taken when ' 
the operator* observing from the 
top of the tube, sa\^the image of the 
candle flame disappear into a uniform 
glow* The reading related the final- 
depth of samplCyin the tube with tube 
calibrations obtafried from a standard 
suspension solution* \. 

2 Standard Suspension 

The standard was a suspension of 
silica prepared from Fullers or 
diatomaceous earth* ThjAWas 
diluted to. prepare a se^fes of * 
standard suspensiona/tq gS^Kiuate 
the turbichmeter^^aduatiohs b^pXX 
Jackson turbidimeters are made in 
conformity to this original data. 
Other suspensions are standardized by 
using the pre -calibrated turbidimeter and 
diluting accordingly. 

3 Unit Used ^ ' / K * 

' Jackson Turbidity Unit (JTU) - parts 
per million sii&pendpd silica turbidity. 
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•4 Standardization of Apparatus 

m 

The current edition of Standard 

Methods'^ contains -specifications 
for the three essential components, 
i.e. /the calibrated glass tube, the 
candle and a support* 

5 Current Standard Suspension 
Solutions**' * 



1 Natural turbid water from the sarrte 
source as that tested gives best 
results. Determine' turbidity with 
the instrument, then dilute to values 
desired. 

2 The supernatant of a settled solution 
of kaolin is also used as a standard. 

\. 

6 Limitations of Method 

a Apparatus - difficult to exactly - 
reproduce flame as to intensity and 
actual light path length. In general, 
it is a rather crude instrument with 
several variables that affect accuracy* 



* filter) upward through the sample 
. which is contained in a glass tube. * 
The entire system is enclosed m a 
black metal box* The operator vxews 
the sample by looking downward through 
an ocular tube screwed into the top of 
* the box and adjusts the brightness of a 
central field of light by turning a 
calibrated dial on the outside of the 
apparatus. The point of uniform light 
intensity occurs when a black spot in 
the center of the field just disappears. 

2 Range of Applicability 

The equipment offers a choice of bulbs, 
filters and volumes of sample tubes. 
The variety affords a means to directly 
f measure turbidity ranging irom 0 through 
150. The^anges can b^ixtended by 
dilution. 

3 Results * 

The final reading from the dial is 
translated into ppm silica turbidity Units . 
by using a graph corresponding to the 
bulb* filter and volume of sample used. 



b Very fine Suspended particles do not 
' tend to "scatter light of the longer 
wavelengths product by the candle. 

c Very dark and black particles can y 
absorb enough light in comparison 
to the scattering of light to cause 
an incorrect reading of image 
extinction. 

d Turbidities below 25 JTU cannot 
be directly measured. For lower 
turbidities (as in treated waters), 
indirect secondary methods are 
required to estimate turbidities. 

(4) 

C Hellige Turbidimeter ' 

This instrument utilizes the same 
extinction principle as the Jaokson 
Candle ^Turbidimeter* 

* * 

1 Equipment 



4 Standard Suspension Solution 

Standardizing suspensions are not used 
by the operator. The graphs are 
supplied by the coinpany for each 
instrument. ^ 



D Secchi Disk 



(5) 



This is a very simple device used in 

the field to estimate the depth of visibility 

(clarity) in water. 

\ Equipment 

The disk is a weighted circular plate, 
20 cm in diameter, with opposing black 
and white quarters painted on the surface. 
The plate is attached to a calibrated line * 
by means of A ring on its center to assure 
that it hangs H horizontally. 

2 Reading^ 
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An opal glass bulb supplies the light 
which is reflected (usually through a 
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The disk is lowered into water until 
it disappears, lowered farther then 

+ 
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raised until It reappears. - The 
corresponding visibility depth (s) 
arejietermined from the ; 
calibrated lii>e: Some read both 
J depths and average them* Some 
read only the reappearance depth* 

3 Standardizing the Procedur^ . 

There are many variables (position 
of sun and of observer, roughness of j 
body of water, etc* ) that affect 
readings. However, the same r 
observer using a standard set of 
operating conditions can' provide . 
useful data to compare the visibility 
of different bodies of water. 

4 Application of Results 

Limnolbgists have found it 
convenient to establish a Secchi 
disk ''factor 11 for estimating the 
phojtic depth where light intensity 
is ^bout 1 per cent of fall sunlight 
intensity. The true photic depth is- 
determined by use of a submarine 
photometer and at the same time 
the observer takes a series of 
Secchi disk readings to Obtain an 
average. Dividing the true photic 
depth by this average gives a ' 
factor which can be used to multiply 
other disk readings for an approxima- 
tion of photic depth. ' 

Status of Visual Methods for Compliance 
monitoring i 

Hie Federal Regiiter<*> "List of * ~, 
Approved Methods 1 * does not include 
any of these v»su^t methods for National 
Pollutant Discharge Elimination System 
(NPDES) requirements. The visuaT 
methods are nofr recognized in the 
Federal^Register* 3 * issue on Interim 
Drinking Water Regulations, eithei\. 

/ 



III NEPHELOMETRIC MEASUREMENTS ^ 
FOR COMPLIANCE MONITORING 

The subjectivity and apparatus 
defici^nciesVnvolved m visual methods 
of measuring turbidity maxe each 
unsuitable as a standard method. 

Since turbidity is an expression of the 
optical property 'of scatterpg or 
absorbing lights it was natural that 
optical instruments with photometers 
would be developed for this measurement. 

The type 'Of equipment specified for 

( 3 S\ * 
compliance monitoring ' utilizes 

nephelometry. , ~* 

( (7) 
A Basic Principle 

The intensity of light scattered by the 
- sample is compared (under defined 

conditions) with the intensity of light , 
i ^scattered by a standard reference 
solution (formazin). The greater the 
intensity of scattered light, the greater 
the turbidity. Readings are made and * 
reported in £ITUs (Nephelometric 
Turbidity Units). 

B Schematic 




Soroplt CiEl 
(lop Vitw) 

Figure 2 NEPHEIOMETER 
(90° Scottor) 



Light passes through a polarizing lerfs 
and on to the sample in a cell. 
Suspended particles (turbidity) in the 
sample scatter the light. 



Turbidity 



Photocell (s) detect light scattered by 
the particles at a 90° angle to the path 
of the incident light. This light 
energy i? converted to an electric 
signal (or the meter to measure. 

1 Direction of Entry of Incident 
( Light to Cell 

i 

a The lamp might be positioned as 
shown in the schematic so the 
beam enters a sample horizontally* 

b Another instrument desjtgn has the ■ 
light beam entering the sample 
{in a flat-bottom ceip in a vertical 
direction with the photocell 
» positioned accordingly at a 90° 
^angle to the path of incident light. 

2 Number of Photocells t - — - ^ 

The schematic shows the photocell (s) 
at one 90 degree angle to the path of 
the incident light. An instrument 
might utilize' more than one photocell 
♦position, with each final position being 
at a 90 de'gree angle to the sample liquid* 

3 Meter Systems 

a The meter migtit measure the 
signal from the scattered light 
intensity only* * 

* b The meter might measure trie 

signal from a ratio of the scattered 
light versus light transmitted 
directly through the sample to a 
* photocell* 

4 Meter Scales and Calbration 

a* The meter may already be 

calibrated in NTUft/ In this case, 
at least one standard is run in 
each instrument, range to bejUfted 
in order to check the accuracy of " 

, the calibration scales* 



pre-calibrated scale is not 
Supplied, a calibration curve is 
prepared for each range of the 
instrument by using appropriate 
dilutions of the standard turbidity 
suspension. 



f7) 

C EPA Specifications for Instrument Design 

Even when the same suspension is u$ed 
for calibration of different nephelometers, 
• di/ferences in physical design of the 
turbidimeters will cause differences in 
measured values fqr the turbidity of the 
same sample* To minimize such differences, 
th£ following design criteria have been 
specified by the U, S. Environmental Protection 
Agency* y 

1 Defined Specifications f 

a Light Source 

" Tungstei) lamp operated at a color * 
temperature between 2200-3000°K* 



b .Distance Traveled by Light" 

The total of the distance traversed 
by the incident light plus scattered 
light within the sample tube should < 
not exceed 10 cm, 

c Angle of Light Acceptance of the 
Detector 

Detector centered at 90*lo^he^ 
incident light path and not to exceed 
+ 30° from 90°, 

The detector, and filter system'if 
used, shall have a spectral peak „ 
response between 400 and 600 nm* 

- * • 

d Applicable Range 

The maximum turbidity to be 
' measured is 40 units* Several ranges 
will be necessary to obtain adfecjuate 
coverage* Use dilution for sanripjes if 
their turbidity exceeds 40 units. 

Other fePA Desfgn Specifications 

a Stray light 

Minimal stray light should reach the 
detector in the absence of turbidity* 



100 
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Some causes of stray light reaching 
the photocell {s) are. 

"s Scratches or imperfection^ in 
glass cell windows, 

2 Dirtf film or condensation on the 
glass. % 



/ ■ • 

3 Light leakages in 



the instrumem 



system* 

A. schematic of the ge caus es is v 
shown in Figure 3. 





V»m[> 



V* 1 *? . j . * Iron I 



i^ light l«oko£« frOM 
YronimiH«d light 




L^t $c*tt*r by 0i*u tut* 
(Top Vi*«) 

Figure 3 NEPHEIOMETER 
SOURCES OF STRAY LIGHT \ 

Stray light error^can be as much 
as NTU. Remedies are closfe 
inspection.of sample cells for 



\ 



imperfections and dirt* and good 
design whicji dan minimize the \ 
effect of stray *light by controlling ^ 



the angle at which it reaches the 
sample* . 



\ 



b Drift 
* 

The turbidimeter should be free 
from significant drift after a short 
Ttfarm-up period* This i,s imperative 
if the analyst is relying on a manu- 
facturer 1 s solid scattering standard 
for setting overall instrument 
sensitivity for all ranges* m 

c Sensitivity - 

• 

>In waters having turbidities less than 
one unit, the instrument should detect 



turbidity differences of a* 02 unit 
or less. Several ranges will be 
necessary to obtain sufficient 
, sensitivity for low turbidities* 

3 Examples of instruments meeting the 
specifications listed in 1 and 2 above 
include: * > 

a Hach Turbidimeter Model 2100 and 
2100 A < 

b Hydroflow instruments DRT 100, 200, 
and 1000 

4 Other turbidimeters* 1 ^> meeting" the 
listed specifications are also 
acceptable* 

D Sources of Error 

1 Marred Sample Cell a , 

a Discard scratched or etched cells* , 



b Do not touch cells whfere light 
strikes them Ui instrument. 
" / 

c Keep ce J^ scrupulously clean* inside 
and out*- ' 

x l Use detergent solution* 

2 Organic solvents may" also ^e 
used* 

3 Use deionized frater rinses* 

4 Rinse and dry with alcohol or 
* "acetone • * 



2 Standardizing Suspensions 



(7) 



\ 



a Use turbidity - free water for ; 

preparations* Filter distilled water 
through a 0**45 \i m pore size membrane 
filtet* if such filtered water shows a 
lower turbidity than the distilled water* 

b Prepare a new stock suspension of 
^ormazin each month* 

c Prepare a new standard suspension 
an^ dilutions of Formazin each week* 
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3 Sample Interferences 
' a Positive 

1 Finely divided air bubbles 
, b Negative 

1 Floating debris 

* * 

2 Coarse sediments (settle) 

3 Colored dissolved substances 
* (absorb light) 

(7) Hl - ■ 
E Reporting Results ' 

- NTU — > . . * * Record to Nearest? 



0.0-1.0- 
1-10 
► . . 10-40 
40-100 

A 

i * L 

. 100-400 
400-100*0 

>1000 

< 

F Precision and Accuracy 



0.05 

0 # 1 

1 

5 

;o 

50 



100 



ah 



1 . In a single laboratory (MDQAftL), 
using surface watfer samples at 
Revels' of 26, 41, 75 and 180 NTU, 
the standard deviations were + 0.60, 
, + 0..94, + 1. 2 and + 4. 7 unite, 
respectively* ~ « 

% 2 Accuracy data Is not available at" 
this tlm^ ^ 



. IV , STANDARD SUSPENSIONS AND RELATED 
UNITS ' 

. - 
One of the critical problems in measuring 
turbidity has-been to find a material which 
. can be made lhto a reproducible suspen- 
sion with uniform sized particles. VariojiS 



materials have been used. 
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A Natural Materials * N « 

1 Diatomaceous earth v 

2 Fuller's earth 

• * 

3 Kaolin ' 

4 Naturally turbid waters,. 

Such suspensions are not suitable 
as reproducible standards because there 
is no way to cbntrol the size of the 
suspended particles. 

B -Other Materials 

1 Ground glass 

2 # Microorganisms . 

3 Barium sjulfate' 

4 Latex spheres 

Suspensions of these also proved 
inadequate. 

C Formazin 



\ A polymer formed by reacting hydrazine 
sulfate and hexamethylenetetramine 
Sulfate. , 

2" It Is more reproducible than previously- 
used standards* Accuracy of + one per 
cent for replicate' solutions has been 
reported/ 

3 In v 1958, the Association of Analytical 
Cherhists* initiated a standardized system 
of turbidity measurements for the brewing 
industry ^y: 

& defining a standard formula for making m 
stock Formazin solutions and 

b designating a unit of measurement 

based on Formazin, I.e., the Form&zin 
Turbidity Unit <FTU)# , 
i 1 

4 During the 1960 s Formazin was increasing- 
ly used for water quality turbidity testing* 

It Is the currently recognized standard for 
compliance turbidity measurements. > 
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Unite % " 

1, At first results were translated 
. , into Jackson Turbidity JJnit£ 
. . (JTII). 1 Howeterv the JTU was_ 
cjprived from a visual' measurement 
using concentrations (mg/liter) of 
silica suspensions prepared by . 
Jackson- They havg no direct 
relationship to the intensity or • \ ■ 
light scattered at 90 degrees* in 
a nephelometer. B 



For a ffew y*2ars, results of 
nephelometric measurements - 
using specified Formazin 
standards were reported directly 
as Turbidity Units pry's), * 

Currently, the unit used is named 
according to the instrument used for 
Measuring, turbidity. Specified ' 
Formaziix standards are used ip^ 
calibrate' tfie instrument and results 
are reported as Nephelometric 
Turbidity Units (NTUs). 



B Applications of Cpntrol Data 
i Coagulation Processes 



(10,- 11) 



V ■ . TURBIDITY r^EASUREMEi^rS FOR 
• v PROCESS CONTROL ' 

; The, schematic and design characteristics 
discussed abovtf for nephelometric 
iflstrujndnts is the ^required method for 
r measuring turbidity {or compliance 
purposes. Turbtcjity d^ta is also widely 
us*?d to check water fo»process design 
purposes and to monitor water for process 
control purposes. The naturfe of the 
liquids to be. monitored, and the degree of 

nsitivfty required for signalling the 
^remedy, to be* applied have led Ao the 
( * development of monit&ring.instrumenta- 
' tlon that/differs In design or in principle 
from the^ instrument previously described. 



■S 

1 1 



A Users of Cpntrol Data 

1 Potable Water Treatment Plants 

2 Municipal Wastewater Treatment Plants 

3 Industrial Processors * 



a« To' Check the effectiveness of 
different coagulants^ 

b. To check the effectiveness of 4 
different dosages* 

c T6 regulate chemical dosages by 
automating chemicjal feed controls. 



£ , Settling Pfocesses 



a "To'determine intermittent need for 
Settling $h>ces<ses. \ 

b To[«pntrol the sludge blanket height 
in activated sludge treatment processes, 

c To activate removal and re-cycling^of 
/ very high density sludge from settling 
tanks-; , „ 

d To .monitor Effectiveness of settling 
processes. 



3 Filtration Processes, • 

' a To determinesintermittent n oed 

for filtration* * . * 

b To facilitate high^ate filtration 
processes*. ^ 

c To prevent <bjcessiv,e loadings for 
filtrSftion sysHms. 

d To check the efficiency of filtration . . 
systems. - 

e To regulate filter bacjcw^ash operations. 

i 

4 Rust in Water Distribution Systems 

»*a To locate sources of contamination. 

* • " ' 

b Ta monitor^intermittent occurrences. 

5 "Steaim Boiler Operations 

a To detect corrosion products in 
boiler water. 



N * 
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b To^detect evidences of Corftsion 
s in condensates. * 

. r 

c To determine the effectiveness of 

corrosion treatme'nt measures/ H 
i * 

C. Varieties of Instrumentation 
* • * 

■ # 
1 Surface Scatter Nephelometers , 

in forward - scattering instruments, 
the angle of the incident light is 
adjusted to illuminate the surface 
• of a smbeth flowing liquid at an angle 
of about 15 degrees from horizontal,^ 
i rather than beamed through a glass 
\ cell of the liquid as described for'a 
nephelometer earlier in this outline** 
.A photocell is located immediately f 
gpabpve the \llunpirtated area so that 
vertically scattered light from 
turbidity in the sample reaches it* 

\ i .' 



T 




.Fiflufi A NEPhELOMETER (Surface ScatUi) 

Variations, of th^ methodology 
Include sidescatter and backsc&tter* 
designs. • x * ' ' - 

, & Advantages 



1 No glass sample cells are 
used* Attendant problems of 
cleanliness and condensation 
are eliminated. The surface 

- of the liquid provides a near- 
perfect optical Burface^hlch 



is difficult to achieve in glass cells. 

2 Stray light effect's on the photocell / 
are minimized because tft£ simpler 
design eliminates some of the sources 
of Stray light. 

3 Since flowing sample is used, 

• interferences from air bubbles and/ 
or floating materials are quickly 
eliminated, 

4 This tiesigri is sensitive to the presence 
of larger suspended particles. 

b^ Disadvantage ' % 

. As turbidity becomes high, penetration t 

of incident light decreases td cause a 

falling off of response, ' * • 

* ♦ 

2 Absorption Spectrophotometry * 1 , 
The'incident light is beamed through a 



smootiT, flat stream of sample and the * ■ 3*' 
transmitted light (in contrast to -wfk 
nephelometric Scattered hghf] is measured * 
by a spectrophotometer. A schematic * - ' 
is shown in Figure 5, 



TurWity Port»<i*» Absorb light 
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Fiflur. S ABSORPTION SPECTROPHOTOMETRY 
a Advantages 

1 No glass sample cells are used. 

2 The simpler design eliminates 
sourctfa of sf ray light. ' ✓ 

* 

-3 Applicable to measure high 
turbidities/ e,g. . in sludges. 

b Disadvantage 

. 1 Low sensitivity for many applications. 

2 Color constituents interfere* 
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VI SUMMARY 

Turbidity metsurertients represent the t s 
optical property of light scattering by 
suspended soiids. NTUs are an index 
of the effects of the size, etc. . of 
suspended particles but cannot be used 
to indicate mg/L quantities of those 
parficles. Tfie p^Pameter is required 
for finished potable water and is extreme- 
; . ly useful in Reference to aesthetic quality 
(clarity), photic conditions and thermal 
effects in bodies of water. It is also 
widely applied for process control of . 
water and wastewater treatment and 
of industrial processes. % 

There have been difficulties in developing 
# » a satisfactory standard jnethod for this 
• measurement. Early methods depended 
on a subjective judgement of an extinction 
point where transmitted "light balanced 
scattered light in rather crude apparatus. 
•Although the apparatus was refined and 
standardize to a latge extent, the 
subjectivity of these visual methods was 
stiU an ^unsatisfactory, element of such 
methodology. 

Eventually* optical instrumentation was 
developed to eliminate subjectivity 
from the measurement. Nephelometry 
(scattering) was chosen for the standard 
method and U. S. EPA tfes spfecifi§d 
several instrument design criteria to 
further promote standardization of the 
measurement. 

Finding a suitable (reproducible) 
standard suspension has also been a 
problem. Currently, Formazin is 
specified as the standard because, to 
date* it is more reproducible than 
other suspensions proved to be. 

Establishing a meaningful unit progressed 
along with development of instruments - 
tipn and agreement on a standard 
sus|>ension. The current unit (NTU) is 
derived from the method of measurement* 
nephelometry* and use of a stand&rd 
rormazin suspension. i 

Even with the efforts to standardize * 



instrument design, to find a suitable 
stantfarji suspension* and to agree 
on a meaningful unit* there are still 
problems about this measurement. 
Instruments meeting the design 
criteria and standardized w*th < 
Formazin suspensions can give 
turbidity 'readings differing 
significantly for the same sample 

? a 

Another problem area is associated 
with sample dilutions. Work has 
indicate^ a progressive error on 
sample turbidities in excess of 40 units, 
so such samples are to be diluted. 
However, obtaining a dilution exactly „ 
representative of the original 
suspension is difficult to achieve. 
Thus dilutions often significantly fail 
to give linearly decreased results 
when re-measured. 
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SPECIFIC CONDUCTANCE 



I INTRODUCTION 



0 CONDUCTIVITY INSTRUMENTS 



An electrical conductivity measurement of a 
solution determines tfie ability of the solution 
to conduct electrical current. Very 
concentrated solutions have a large population 
of ions and transmit current easily or with 
small resistance. Since resistivity is 
mve rsely f related to conductivity K * 
a \jery concentrated solution has a very 
high electrical conductivity. 



1 



Electrical conductivity is determined by , 
transmitting an Electrical current through 
a given solution, using two electrodes. The 
resistance measured is dependent principally 
upon the iomt> concentration, ionic charge, 
a'nd temperature. of the solution although 
electrode characteristics (surface area and 
spacUig of electrodes) is also critical. Early 
experiments in standardizing tfte measurement 
leti to construction of a "standard cell" in 
which the electrodes were spaced*exactly 1 cm 
and -each had a surface area of 1 cm . Using 
this cell, electrical conductivity is expressed 
as "Specific Conductance". Modern specific 
conductance cells do not have the sarrie 
electrode' dimensions as the early standard 
cell but have a characteristic electrode spacing/ 
area ratio known as the ' cell constant' 1 . 



K 



BP 



R * 



distance (cm) 
area (cm Z ) ' 



K 



sp 



k * ceil constant 



Specific conductance units are Mhos/cm or 
reciprocal ohms/cm. Most natural, fresh 
waters in the United Stated Jiave specific 
conductances ranging^rom 10 to 1.00D 



micromhos/cm. (1 micromho * 10" mho) 



Nearly ail of the commercial specific con- 
ductance instruments are of a bridge circuit 
design, similar to >a Wheatstone Bridge. 
Null or balance is detected either by meter 
movement, electron n ray eye" tubes, or 
'headphones. Since resistance is,direotly 
( related to temperature, some instruments 
have automatic temperature compensators, 
although inexpensive models generally have 
manual temperature compensation 

Conductivity instruments offer direct specific 
conductance readout* when used with a cell 
"matched" to that particular instilment. 

Electrodes within the cell may become 
damaged or dirty and accuracy may be 
affected; therefore, it is*advisable to 
frequently check the instrument readings 
with a standard KC1 solution having a known 
specific conductance, * 



III CONDUCTIVITY CELLS 

Several types of conductivity cells -are , 
available, each having general applications. 
Dip cells are generally used for* field 
measurement, flow cells for measurement* 
within a closed system, and pipet cells for , 
laboratory use. Many modification? of the 
above types are available for specialized 
laboratory applications the Jones cells and 
inductive capacitance cells are perhaps the 
most common. 

* <* 

Examples of various cell ranges for the RB3 
- Industrial Instruments model (0-50 ^ 
micromhosVcJn scale range) are in Table 1. 



Relative 
Ceil Conductivity 
Number Valae 



ity 



Cel VS02 
Cel VS2 
Cel VS20 



1 

10 
100 
I 



Maximum range 
mlcromhos/cm 



T- 50 
0 -^500 
0 ->5000 

Table 1 



Most accurate range 
* mlcromhos/cm 



2 - '30 
20 - 300 
200 - 3000 
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IV Computation of Calibration Constant 

A calibration constant is a factor by which 
sea leYea dings must be multiplied to com- 
pute specific conductance. 

tC * cM' 
m %sp 

"where K actual specific conductance 
sp 



M 



calibratibn constant 



meter reading 



For example, a 0, 001 N KC1 solution 
(147 micromhos/cm standard) may show 
a scale reading of 147. 



147 



c 147, c = 



147 
147 



= 1.00 



In this case the cell is-perfectly "matched 11 
to the instrument, the calibration constant 
t is 1.00, and the scale reading represents 
actual, specific conductance. A variety of 
cells, each covering a specific range, J 
may be, used with 'any one instrument. 
However, a calibration constant for each 
cell must be computed befpre solutions of 
unknown specific conductance can be 
determined. 



V RELATIONSHIP OF SPECIFIC CON- ' . 
DUCTANCE TO IONIC CONCENTRATION 

Natural water consists of many chemical 
constituents, each of which may differ 
widely in ionic size, mobility, and solubility,. 
Also, total constituent concentration and 
proportions of' certain ions in various natural 
waters rang^ considerably* HoM^jver, it 
is surprising that for most natural wafers" 
having less than 2, 000 mg/L. 1 dissolved 
solids, dissolved solids % values are olosely 
related to- specific conductance valufes, 
ranging in a xatio of . 62 to . 70.* Of course 
this does not hold true for' certain waters 
having considerable amounts of ponionized 
soluble materials, such as organic com- 
pounds and nonionized, colloidal inorganics. 



Properties of some inorganic ions in regard 
to electrical conductivity are shown below: 

, micromhos/cm 
per meq/L cone. 



Ion 

Calcium 1 ( 
Magnesium 
Sodii/m 4 

* Potassium 
Bicarbonate 
Carbonate 

.Chloride 



52.0 
46.6 
48.9 
72'. 0 
43.6 
84.6 
7.5.9 



VI ESTIMATI6N OF CONSTITUENT " / 
CONCENTRATIONS 

Generally speaking, for waters having a 
dissolved solids concentration of less than 
1, 000 mg/L, calcium and magnesium (total 
hardness), sodium,* bicarbonate and 
carbonate (total alkalinity), and sulfate are 
^he principal or most abundant ions, 
representing perhaps 90-997* of the total 
ionic concentration ofJhe wat^r. Specific 
conductance, total hardness and total 
alkalinity are all simple and expedient 
measurements which can be performed m 
the field. Therefore, the remaining principal 
ions are podium and sulfate, and concentrations 

these can be estimated by empirical 
methods, For example, we fuid that a certain 
water has: 



sp 



500 micromhos/cm 



.Total Hardness ■ 160 mg/Llor 3.20 meq/L 
Total Alkalinity -200 mg/L of* 3.28 meq/L. 
as bicarbonate. 4 

Next we multiply the specific conductance by 
*0, 011 (500 X0- 011 ■ 5* 50) to estimate the 
total ionic, concentration in lfle*j/L. 

> 

* This factor may vary slightly for 
different waters ■> 



Cations (meq/L) 



3.20 



Calcium 
Magnesium 
Sodium 5.50-3.20 



2.30 



TotaT Cations 5.50 



Anions (meq/ L) 

Carbonate 0. 00 
Bicarbonate 3.28 
Sulfate 5.50-3.28 « 2. 22 
Total Anions 5.50 
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Realizing that several variables are involved 
in empirical analysis, application rests 
entirely upon testing the formula with previous 
complete laboratory analyses for that 
particular water. If correlation is within 
acceptable limits, analytical costs may be 
substantially reduced* Empirical arc^ysis 
can also be^Ssed in deternpiration-ofproper 
aliquots (dilution factor) necessary for 
laboratory analysis. 



Records of laboratory chemical analysit 
indicate that a particular stream or lake ' 
shows*a characteristic response to various 
streamflow rates or lake water levels. If 
the, water's environment has not been altered 
and water composition responds solely to 
natural causes, a specific conductivity 
measurement may be occasionally used in 
substitution for laboratory analyses to / 
determine water quality. Concentration of 
individual constUuents <;an thus be estinjated 
from a specific conductance value. 

VII APPLICATIONS FOR SPECIFIC 
CONDUCTANCE MEASUREMENTS 



(2) 



A Laboratory Operations 



1 Checking purity of distilled and de- 
ionijed water ? 

2 1 Estimation of dilution factors for ' 
samples , 

3 Quafitj^control check on analytical 
accuracy w 



4 An electrical indicator 
B Agriculture ' 

1 Eyaluating salinity 

2 Estimating Sodium Adsorption Ratio 

$ 

C Industry* 3) " • . 

"> ■ - 

\ jJSstirnating^corrosiveness of water in 
• * steam boilers 



D Geology 

1 Stratigraphic identification and 
- • characterization 



a geological mapping 
b oil explorations 



E v Oceanography 

1 Mapping oceai^fiur rents 

2 Estuary studies 
F Hydrology 

1 Locating new water supplies 

a buried stream channels (See Fig. 1) 
b springs in lakes and 
streams (See Fig. 2) 

2 Detection and regulation of sea water 
encroachment on shore wells 



G Water Qu^ity Studies 

1 Estimation of dissolved solids 
(See Section V, also Fig. 3) 



(2) 



2 Empirical analysis of constituent 
concentrations (See Section VI, alfco 

' reference 2) 

3 Quality control check for salt water 
conversion studies 



4 Determination of mixing efficiency 
of streams {See Fig. 4) 

5 Determination of flow pattern of j 
polluted currents fSee Fig. 4) f 

j ' J 

6 Identification of significant fluctuations 
in industrial wastewater effluents 

7 Signal Of significant changes i£ the 
composition of influents to waste 

_ treatment plants , 



2 Efficiency check of boiler operation 
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FIGURE 1 




test wats 1 



X-SKT 



FIpURE.2 



V DETECTION Of SPRINGS IN LAKES AND STREAMS 



MAN LOWERING. 
CONDUCTIVITY CELL 



LAND SURFACE 
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DISSOLVED SOLIDS, ag/litar 

Figure 3. SPECIFIC CONDUCTANCE AND DISSOLVED SOLIDS 
IN COMPOSITES OF QAILY SAMPLES. , GILA RiyER 
AT BXLAS, ARIZONA, OCTOBER 1, 1944 TO 
SEPTEMBER 30, 1944. 

* ' t 

t 

Geological Survey Water-Supply Paper 1473. 
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Figures, SPECIFIC CONDUCTANCE OF A 0.01 
. NORMAL SOLUTION OF POTASSIUM 
CHLORIDE AT VARIOUS TEMPERATURES. 

Geological Survey Water-Supply Paptr 1473. 
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VIII NPDES METHODOLOGY 

A The Federal Register "List of Approved 
Tost Procedures' 1 for NPDES require- , 
-orients specifies that specific conductance 
be measured With a self-contained 
conductivity meter, Wheatstorfe bridge 
typb(l>( 2 ><3) 

* 

Temperature directly affects specific 
conductance values (see Fig* 5). For 
this reason* samgles should preferably 
be analyzed at^5 c* If not* temperature 
corrections should be made and results 
reported as umhos/cm at 25YC* 

i 

1 The instrument should be standardized 
using KC1 solutions. (See Fig. 6) > 

2 It is essential to keep the conductivity 
cell clean* 

B The EPA manuaJLspecifies using the 
procedure as described in Standard 

Methods^ 2 * or in ASTM Standards' 3 ^ 
These are approved in 40 CF&136 for 
NPDES Report purposes. . { 



C Precision and Accuracy'^ 

Forty-one ^/fial/sts in 17 laboratories 
analyzed 6 synthetic water samples 
containing the following K increments 



The standard deviation of the reported 
values was 7* 55, 8. 14, 66* 1, 79. 6, y 
106 2nd 119 Mpihos/cm respectively.. 

The accuracy of the reported values was 
-2.0, -0.8, -29.3* -38.5* -87. 9 and 
-8J6. 9 wmhos/cift bias respectively. 
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LABORATORY PROCEDURE FOR ACIDITY 



I SCOPE AND APPLICATION, 
< 

A Applicable to surface waters,? sewages and 
industrial wastes . particularly mine- drainage 
and receiving streams and other Waters 
containing ferrous jron or other polyvalent 
cations Ul the reduced state. 

B 'Range tor a 50ml sample: 
10 to v 1000 mg acftiity/ liter 

II APPARATUS 

A A calibrated pH meter and electrocie(s) 

B Hotplate * \ * X ' 

C Magnetic stirring apparatus 

III REAGENTS 

For "a detailed discussion of reagent pre- 
paration* consult REFERENCE I. 

> 

A Hydrogen Peroxide, 30% solutfon 

B Standard Sodium Hydroxide (0.02N) 

(Final normality is determined by standard- 
ization with potassium biphthalate). 

C Standard Sulfuric Acid (0. 02N) 

(Final normality is determined. by standard- 
ization with sodium carbonate). 

D Carbon Dioxi4e-Pf ee Distilled Water 

IV PROCEDURE* 2 * 

A Pipet 50ml of the sample into a 150 ml beaker. 

• * • 
B Measure the pH of the sample. If the,pH is 
above 4.0 add standard sulfuric acid in 5.0 
' ml increments to lower the pR to 4. 0 or 
less. Record the volume of acid added. 
* If the initial pH of the sample is less than 
4.0, the incremental addition of sulfuric 
acid is not required. 



• boiling beads. 4 

E Heat the sample to boiling and continue 

boiling for 2 to 4 minutes. In some instances, 
the concentration of ferrous iron in a 
sample is such'' that an additional amount of . 
hydrogen peroxide and a slightly longer 
*boiling time may be required. 

r 

F Cool the sample to room temperature. 

G Titrate with standard sodium hydroxide, , 
using a pH meter and gentle stirring, to 
pH 8. 2 



H Record volume of standard alkali used in 
in the titration. 

V CALCULATIONS 



/ 



A Acidity, as mg/i^CaC03= 
[ (A*B) - (C*D)]x 50.000 
ml sample 

Where: 

A c vol. of standard alkali used in titration 

B™ normality of standard alkali 

C = volume of standard acid used to reduce 
pH to 4 or less 

D = normality of standard acid 

50 = equivalent weight of CaCO^ 

1000 converts ml to liters • 



Remove the electrode(a). 

Add 5 drops of hydrogen peroxide and 3 glass 
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Laboratory Procedure for Acidity 
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LABORATORY PROCEDURE FOR TOTAL ALKALINITY t» 



I ^SCOPE AND APPLICATION 

A Applicable to, drinking, surface and valine 
waters, domestic and industrial wastes. 



.Calculate the normality of the acid titrant 
aslollows:- * , , 

, A = 05$ 



x C 



B" Suitable for all concentration ranges; however" 
appropriate aliquots should be used to avoid 
a titrant volume greater than 50 ml 4 ' 



II APPARATUS 

A A calibrated pH meter and electrode(s) 

' r ' \ ' ' 

B Magnetic stirring apparatus < 

III REAGENTS 

For detailed discussion of reagent preparation, 
consult method reference 3, 

A Carbon Dioxide - Fr6e Distilled Water k 

B Standard Sodium Carbonate Solution 

C Sulfuric Acid or Hydrochloric Acid Titrant 
(0. 02N) Final ^normali-ty is determined by 
■ standardization with sodium carbonate . 



A-= nqrmality of the acid titrant 

<> 

B = g of sodium catenate used 

*+ . " 

. C = ml of ^cid consumed 

0. 053 » milliequiValent weight of Na2C0 3 

Y PROCEDURE (1) 

A Pipette 50 ml of the sample into a 150 ml 
beaker/ 

« > 

B Titrate with the acid titrant. using p pH 
meter and gentle stirring, to pH 4,5. 

% C Record volume of standard acid used in 
the titration* 

VVI CALCULATIONS 4 



IV STANDARDIZATION OF THE ACID 
TITRANT 

A Set the temperature reading on the pH 
meter dial to match the temperature of 
the buffer and sample solutions. 

B Standardize the pH meter against a 

reference buffer solution. Check against 
~ a second buffer solution, 

- 

C Weigh accurately 0. 088 + 0. 001 g of the 
dried sodium carbonate* and transfer it to 
a 500 ml conical flask* 

V 

'D A<M 50 ml of water and swirl to dissolve 
the carbonate. v 



Total alkalinity as mg of CaCO«/L 

» A x N x 50000 
B 

A = ml of standardised acid titrant 
N*= N of standardized acid titrant 
B = ml of earn 



lent weight of CaCO r 




converts ml to liters 



E White stirring tihe-solution (magnetic bar 
and stirrer)* adtf the sulfuric or hydrochloric 
acid titrant from a 100 1 ml buret until a 

" pll of 4.5 is attained. v 



r 
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Laboratory Procedure for Total Alkalinity 
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2 Stan^rd Methods for the Examination of 

Water and Wastewater, 14th ed« 1975, ' 
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LABORATORY PROCEDURE FOR TOTAL HARDNESS 



f REAGENTS. " 

A Buffer Soluttbn: ' • 

* 

1 Dissolve *6. 9 g of NH CI in 143 ml of 

,conc. &H-OH. ' 
4 

2 Dissolve 1.179 gof analytical reagent 
grade disodium ethylenediamine tetra- 
acetic acid dihydrate(Na EDrk* 2H 2 0) 
and 0,644*g of MgCl 2 *6H 2 0 In 50 ml of 
distilled water.. 

3 Add tiie solution from (2) to the solution 
from (l)with mixing, and dilute to 250 * 
ml with distilled water. Addition of 
small amounts of Na^EDTA* 2H O or 
MgCl 2 *6H O maybe necessary u> attain 
exact equivalence. < ' 

*fr * • , * 

4 The buffer should be stored m a plastic 
or resistant glass container tightly 
stoppered to prevent C0 2 absorption 
and NH loss. Discard the buffer when 
y6r 2 ml added to the sample fails to 
produce a pH of 10, 0 + 0. 1 at the end 
point of the titration. " 

IB Inhibitor: * . 

1 Most water samples do not require the , 
- use of an Inhibitor. In the presence of 
certain interferring ions, however, an 
„ inhibitor may be needed to sharpen the 
endpolflt color change. Several types 
of inhibitors may be prepared or pur- 
chased. See Standard Methods ft) 'or 
. discussion and choices. 

C Indicator: * 

1 Eriochrome Black-T dye (EBT) is use- 
ful for ,the determination. Other commer- 
cial grades or laboratory formulations 

of the dye are also .satisfactory. See . 
Standard Methods for other commercial 
equivalents. 

2 Prepare the indicator in dry jSJwder 
form by grinding together 0, 5 g of the 
dye and 100 g of NaCl. 



D Standard Calbium Calcium Carbonate. CaCOg* 



1.000 g of ^nhydrous, primary 
dMkrd grade Cab0- and transfer it # to 



W 

s 

a 500 ml Erlenmeyer°fia3k. Add 1.1 HC1 
^{equal volumes of Cone. HC1 and water) 
dropwise and with swirling of the flask 
until the CaCO~ has dissolved Bring 
the volume of liquid to about 200 ml with 
water, boil* a few seconds to dispel CO , 
cool, and add a few drops of methyl rea 
indicator. Adjust the color of the solution 
to *an intermediate orange by the dropwise 
addition of 1.1 HC1 or 1.4 NH^OH (1 volume 
of cone. NH OH + 4 volumes of water). 
Transfer the solution quantitatively to a 
one liter volumetric flask and dilute to the 
mark with water. (1.0 ml = 1.0 mgCaC0 3 ) 



Na 2 EDTA« 2H 2 0 {0.01 M)- 



II 



Dissolve 3, 723 g of the* dry reagent grade 
Na-EDTA* 2H 2 0 in distilled water and 
dilute to 1 liter. 1. 0 ml of the 0. 01 M 
solution = 1.0 mg of CaCO^. Check the 
concentration of this solution by titration 
against the standard calcium carbonate 
solution as described in II below. 



STAN^Ai^piZATION OF THE NagEDTA* 
2H 2 0 ti ^ ^ 

Pipet 25. 0 ml of CaC^ standard into 
either a 125 ml Erlenfneyer flask (if a 
combination pH electrode is to be used) or 
a 150 ml beaker (if two electrodes are to be 
used). * * 



B Add 25 ml distilled water-ftcfhe volume of 
CaC0 0 is about 50 ml. 
* > 
C Place the'eontaindr on a stirring mechanism. 
* The solution /hould be stirred coqtinuoiCsly 
for the remaining steps of the titration. 

D Add 1 to 2 ml of the buffer solution. 

E Check the pH of the mixture and ensure that 
it is 10,0 + 0,1 Add drops of buffer solution 
"if necessary. (The pH meter should be 
calibrated for* use at this pH before you do 
this step). 
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Laboratory Procedure for Total Hardness 



F Add approximately 0, 2 g of the Indicator. 
A measuring scoop canlb.e used* o 

G Add the Na-EDTA*2H 2 0 slowly and with 
stirring unul the color changes from a 
ros^to a blue color* The color change 
is more easily seen if the titration is A 
carried out in daylight, or und^r a day- 
light fluorescent lamp and against a white 
background. If the color change is not 
sharp, repeat the determination using the 
inhibitor. If the ehdpoint is still not sharp, 
prepare a fresh supply of indicator. 

H The titration should take less, than 5 minutes, 
measured from, the time of buffer addition. 

I In an analysis of this type it is adyantageous 
to carry out a preliminary, rapid titration 
in order to determine approximately how 
much titrant will be required. This is 
accomplished by adding the Na 2 EDTA*2H 2 0 
at a fast dropwise rate until the color change 
is observed. 



III PROCEDURE 



(1) 



Repeat steps II A through II I using sample 
in place of CaCO standard. The amount 
of sample taken should require less than 15 
of Na^ EDTA* 2HJ3 titrant. 



\ 



REFERENCES ' ' 

1 Standard Methods for the Examination 
of Water and Wastewater. 14th Edition* 
APHA-AWWA-WPCFp 1975. 

* * ■ 

2 ASTM Standards, Part 31, Water, 1975. 

3 Methods for Chemical Analysis of Water 
and Wastes, 1974, Environmehtal Protection 
Agency, EMSL, Cincinnati^ Ohio. 



Thi0 outline was prepared by C. R. Feldmann, 
Chemist, National Training and Operational 
Technology Center, OWPO, USEPA. Cincinnati, 
Ohio 45268. 

\ 

Descriptors. Calcium, Calcium Carbonate, 
Chemical Analysis, Hardness, J^boratory 
Tests, Magnesium, Water Ajjplysis, Calcium 
Compounds, Analytical Techniques 



IV CALCULATION 

A Standardization of the Na^EDTA* 2*^0: . 

ml of CaC0 3 equal to 1.0 ml of the Na^EDTA* 2H 2 ' 
ml of CaC0 o 



/ 



r 



ml of Na^EDTA* 2H 2 0 required lot titration 
B Total Hardness * 



^Hardness as mg CaCO«/L* 



A x B x 1000 
ml of sample 



j 



A * ml o"f Na 0 EDTA*2H 0 0 for titration of sample 
B 9 the value obtained above. 
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A MPE ROMEJRIC DETERMINATION OF TOTAL RESIDUAL CHLORINE 
(BACK TITRATION FOR WASTEWATER SAMPLES) ^ 



I SCOPE AND, APPLICATION m 

A This method is fpr the determination of 
total chlorine rmgdual in domestic" waste* 
water samples, 

B It is applicable, for concentrations srfr 
1 to 10 mg CI/ liter* This range can be 
extended by dilution of the sample* 



II APPARATUS 



* 



End-point detection apparatus consisting 
of a^cell unit connected to a microammeter. 
with the necessary electrical accessories. 

1 Metal electrodes must be cleaned . 
occasionally with a suitable abrasive. 

* 

2 The salt -bridge must not be plugged 
with deposits. 

* ' - 

3 Some undissolved salt should be in 
the referehce electrode solution to 
ensure constant < saturated) composlti9nr y 
Fill the^hamber about 2/3 full aitf add 
enough water to generously cover the 

tablets/ Then plug the cell unit uito the 
* titrator apd ajlow to stand^for 24 hours 
immersed in about 200 ml of water or 
sample fcontained in a sample cup)to estab- 
lish equilibrium of the reference electrode. 



C Sensitizing Electrode and Agitator 

The apparatus can lose its sensitivity 
to iodine.* ,In this case, the point* r will 
not come on scale even when the adjusting 
knob is turned completely clockwisfe. Use 
the following steps to restore sensitivity. 

1 Put about 150 ml, of water containing 1 to 

2 ^ng/diter available residual chlorine into 
sample cup* (Iodine solution diluted to a 
yellowish color can also be used. In this 
# case, omit steps^3 and 4). " 

2 Place t^e cup on the assembly, unmersi^j 
the electrodes and agitator.* 

3 Add potassium iodide crystals to the same 
water. 

4 Add 1 ml acetate buffer solution, pH 4. 0. 

5 Turn on the agitator for about 3 mihutes. 

6 Then allow the electrodes and agitator to 
remain immersed for about 15 minutes. 

7 ftinse them thoroughly with chlorine * 
demand-free water or the sample to be 
tested. / 



B 



*4 When mofl> of tfie tablets are used up, 
wash out the cell, clean the metal 
electrodes and % refill the chamber 
as above. ^ 

5 When not in use, either store*\he 
cell immersed in 200 ml water or 
/sample solution, 91* else remove 
all electrolyte and<store it dry. 
> fc * • 

Agitator - ' 

This part oLthe apparatus provides rapid 
and thorough mixing of the titrant and teit 
material a » and 'also produces a continuous 
flow of the mixture past the electrode. 



D Conditioning tfie Sample Cup 



1 Fill glass sample cups w,ith water containing 
at least 10 mg/liter residual chlorine. . 



2 Let stand for three hours or mor'e. 

** 

3 Rinse' thoroughly with chlorine-demand- 
free water. / 

III REAGENTS . 
A 0.0282 N Iodine. Titrant 

This solution can be purchased, but its concen- 
tration should be checked and. If necessary, 
adWSted to 0. 0282 N . (Other*Jse, change the 
calculation formula). , «^ 



r 
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Amperometric Determination of Total Residual Chlorine (Back Titration for Wastewater Samples i 

* 

> 



To prepare it. consult reference 1 fo? details 
of the following: 

1 Prepare 0. INarsinlte solution* Jhis 
solution is very TOXIC. Avoid ingestion. 

2 Prepare 0. IN iodine solution* standard- 
ising it with^O. INarsenite solution* 

3 Prepare 0. p 28 2N iodine titrant by diluting 
the correct amount of 0. IN iodine solution. 
Store it in amber bottles or in the dark, 
and protect it from direct sunlight at^l 
times* Avoid its contact with rubber. » 
Even with precautions this Solution needs 

a normality check with 0. 1J£ ar senile 
solution each day ot use, See reference I 

for details. 

* » 

4 NOTE: 0.0282N Iodine has two usea It is ' 
used to standardize phenylar sine oxide 

< solution andfit is used as a titrant in tests , 
conducted with either phenylarsine oxide 
or sodium thiosulfate solutions. If sodium 
thiosulfate solution is to be used in the 
test, an alternative titrant is 0.00564N 
iodate solution. It is matte with prima'rV 
standard grade potassium 'iodate* Reference 
1 has preparation details. . 



a If you choese to use iodate titrant, 
prepare 100 mri0% phosphoric acid 
solution. 

B Starch Indicator Solution 



m This solution is used to standardize phenyl* 
arsine oxide solution. It is also used for 
tests conducted with iodate titrant. 

See reference 1 for preparation details. 

C 0.00564N Phenylarsine Oxide (PAO) Section 

1 ml « 1 mg/L available chlorine in a 200 ml 
sample. This solution can be purchased, 
but its concentration should be checked and, 
if neccifliP^rfdjusted to 0. 06564N. 
(Otherwise, change the calculation formula). 
'To prepare it, consult reference 1 for details 
of the following: 

1 Prepare* approximately 0. 00564N PAO 
- solution. ~~ 



r 



2 Adjust to 'final normality using results 
of titrating 0. 0282N iodine titrant 
(starch* indicator)."" 

3 This PAO solution is very stable. It 
is also very TOXIC. Avoid ingestion. 

* 

4 NOTE. Alternatively, reference 1 has 
details for preparing and standardizing 
0.1N sodium thiosulfate solution, aging 
it. "then diluting it to a b. 005 64N solution. 
This solution is unstable. It requires 
preservatives and daily standardization. 

D Potassium Iodide Crystals or solution of 

5 parts potassium iodide in 95 parts distilled 
water, 

■ E Acetate Buffer SolutionVpfi 4. 0 
This solution can be purchased. 
Consult reference 1 for preparation details. 

2 

IV- PROCEDURE 

These steps utilize 0. 00 5 64N phenylar sine 
oxide Und 0u 028 2N iodine titrant. 

♦ . 

A Titrator 

1 Plug the titrator mt6 a source of 110 volt, 
single phase. 60 cycle ac power. 

. * 

2 Check that the cell Contains saturated 
electrolyte solution according to HA 3 
above. 

, * 

3 If necessary, sensitize the electrodes 
and agitator according to IIC above. , t 

4 If necessary, condition the sample cup 
according to IID above. 

5 If applicable,to the apparatus, add 
phenylarsine oxide solution to the titrant 
reservior, screw it onto the reagent pump 
unit, and Insert a 5 or 10 ml pipet In the 
assembly. Fill the pipet with PAO beyond 
the zero mark, then drain to the zero 
fnack. This fills- the delivery tnpe (o the 

8 ample cup. 
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AmperpmetrK Determination of Total Residual Chlorine iBack Titration for wastewater Samples) 



B PVejJ^hition of .Test Mixture 



if the sample cup is in place on the 
titrator, remove it. Empty any contents 
and thoroughly rinse it and the cell unit* 

t 

Measure 200 ml of the sample and care- 
fully pour it into the cup. 

Place the cup on the titrator with The 
top edge behind the cup guide post and 
with the bottom resting on the support 
provided. The tip of the plastic tubing - 
ttf dispense the titrant should be in the 
cup* 



When a drop of iodine causes a permanent 
deflection 6f the pointer to the right, you 
have Veached the end point. 
•♦♦ 

3 Record the volume of iodine solution 
used to reach the end point/ 

4 Unless the sample contains alum, leave 

it in the cup .to keep the electrode assembly 
in readiness for other tests. If alup is 
presentj use distilled water to rinse the 
cell unit two or three times. Fill the 
* sample cup with distilled water and 
place it t oij the titrator to store the cell 
unit. 



4 Turn the switch on to start the agitator. 

5 Pipet 5. 0 ml 0. 00,564N phenyUrsine oxide 
(PAO) solution into the sample, (If 5-10 
mg ClAiter is involved, add 10. 0 ml of " 

the, PAO). , 

i 1 * 

* ^ • m 

6 Add pH4 acetate buffer solution to reduce 
pH to 3. 5-4. 2. Usually 4ml is sufficient* 

7 Add about 1 gram potassium iodide crystals** 
or an eyedropper full of potassium-iodide 
solution. ' ' . 

C Titration 



1 Rotate the adjusting knob so that the 
microamjnetfer pointer reads about 20 

* on the scale. (The reason is to have a 
reference point). 

2 Use a 1 ml pipet or a burefclwith offset 
tip)* graduated in tenths or hundredths, 
to add"0,0282NTio<iine titrant in smal^ 
increments. (Note. Da not use the , 
pipetting, apparatus incorporated in the 
instrument* Plastic components may 
react with the iodine* b option and change 
its strength).* 



During'the addition of iodine, the pointer 
wiU remain practically stationary until 
the end point is near. At; that time, each 
dropwise addition of Iodine causes a 
temporary deflection to the right! then 
the pointer returns to the original position. 



V CALCULATIONS 
A Formula: 

mg/L CI' = (A-5B)x 200 
C 

A - ml 0* 00564N ptfenylarsine oxide solution 
B = pi 0. 0282N"iodine titrant 
C = ml sample" 

References 

■ * 

' 1 Standard Methods for the Examination of 
•Water and Wastewater. 14th edition, 1975^ 
APRA-AWWA-WPCF. 1015 18th Street, 
N, W"., Washington, D,C 20036. p.* 318. 

2 Instruction Manual, Amperometric Titrator, 
Wallace and Tiernafi, Belleville, New Jersey 
07109. 



This outline was prepared by Audrey D. Kroner, 
Chemist, National Training and Technology 
Center, OWPO. USEPA, Cincinnati. Ohio 
45268 # 

^ Descriptors: Analytical Techniques, Chemical 
Analysis, Chlorine, laboratory Tests, Water 
Analysis * • * 
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USE OF A -SPECTROPHOTOMETER 



I SCOPE AND APPLICATION 

» ( » • 

A Colorimfctry* 4 , 

i 

Many water quality tests depend on a 
treating a series of calibration standard 

* solutions which contain known concentra- 
tions ora constituent of interest, and also 
the sample(s) with reagents to produce a 
colored solution. The greater the concen- " 
tration of tfie constituent, the more intense 
yrill be the resulting color. A spectro- 
photometer is used to measure the amount* 
of light of appropriate wavelength Which is 
absorbed by equal "thicknesset" otthe 

• solutions. Results 1 from the standards 

are used to construct a calibration (standard) 
* curve. Then the absorbance value for the , 
sample is located on the curve to determine 
the corresponding concentration. 1 



B Lambert Beer Law 

States the applicable relationships: , 

A = eb c 
* ■ 

1 - A = absorbance 

2 e = mol&r absorptivity 

3 b = light path in cm 

4 c = concentration In molest/liter 

* 

II APPARATUS 

A Requirements ' 

Kte given as part otthe method write-up 

t The applicable wavelength is 
specified. Th£ unit used is 
nanometers (nm>. 

2 The light path (cell dimension) 
la often open-ended, e.g., M one 
cm or longer. 11 One must know 



III 



the light path length in the 
available spectrophotometer, 
because it is inversely related 
to the usable cfcnfcentraiions in 
^ the test, (f-ongeynpath lengths 
detect lower concentrations). 

3 NOTE . For National Pollutant 
.Discharge Elimination System 

{ (permit\ or for Drinking Water 
Regulations test requirements, 
check with Ihe issuing/report - 
agency before using light paths 
(cells) that differ from the length 
specified in the app/oved method* 
If you have permission to use an 
alternate path length, cbncentra- 

t tions for the test can be adjusted 

. accordingly. These adjustments' 
are discussed ui.LV and rti VII (below). 



PREPARATION OF THE jBPECTRO • 
PHOTOMETER 



A Phototube/ Filter 

1 May have to choose a phototube for 
use above or below a particular _ 
wavelength. p 

2 A filter may be required. 

3 If the available instrument involves 
a choice, check that the phototube 
(and filter, if applicable,.) required 
for the wavelength to be used is in 

4 the Instrument. 
■ 

4* Always handle and wipe off the 
phototube and/or filter with tissue 
to avoid leaving fingerprints. 

B Cell compartment 

1 This aVea must be kept clean and 
dry at all times. 
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USB OF A SPECTROPHOTOMETER 



C Cells, 

1 A set must "mat^h'* each other 
in pptical properties* ^^check 
thiSi use the same solution at 

# the same wa/velengthi ani verify 
that the absorbance Value is the «. 

same for each cell* 

r 

2 Alternatively* a single* cell can 
be used if it is thoroughly rinsed 

after each reading* 

* \*« , 

3 Instrument cells should beffree 
of scratches and scrupulously 
clean* 

a Use detergents, organic 
solvents or 1- 1 nitric acid- 
water* 

b Qaustic cleaning compounds 
mightjetch the cells* ^ 

■ 

— ' i 

c Bichromate solutions are 
not recommended because 
of adsorption possibilities* 

d Rinse with tap, thfcn distilled 
water* 

■ 

e A final rinsing and drying with 
alcohol or acetone before 
storage is a preferred practice* 



>lW 



E Wavelength Alignment 

"One reference is the known* maximum 
absorption for a dilute solution of potassium 
permanganate which has a dual peak at 
526 nm and 546 nm* Use 2 matched cells for tfie 
following steps! 

■ 

1 Prepare a dilute solution of 
potassium permanganate (about 
10mg/L>., 

2 "Follow, the steps in VI A, Zeroing' \. - 
Operation, using a wavelength of- 

5 10 nm. and distilled water as a 
"reagent blank* " Keep the wa ter m the cell 
durfng this entire procedure. 

3 Rinse the matched cell rwo times 
with cap water, then two times with 
the permanganate solution. ' 

4 Fill the cell three-fourths full 

with the permanganate solution* Keep the 
permanganate solution in this cell during this s 
entire procedure- ' 

5 Thoroughly wipe the cell with 
a tissue. Hold the cell by the 
top edges. 

6 Open the cover and gently insert 
the cell, aligning it to the ridge 
as before* 

i 

7 Close the cover* 



D Warm-Up # % 

1 Plug In the power cord* 

2 Turn the power switch on and give 
it an additional half-turn to keep 
the needle from "pegging* " 

3 \Wait to use until the recommended 

warm-up time has passed* Any- 
where from 10 to 30 minutes may 
„ be required* ■ h f 

4 If the instrument drifts during 
zeroing* allow a. longer time* 




8 .Record the wavelength and the 
absorbance heading on a sheet of \ 
paper. 

9 Remove the cell of permanganate 
solution close tfie cover. 

10 Set the wavelength bontrol at the 
next graduation (+ 5nm), 
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If the needle If not at infinite 
(symbol co) absorbance, use.the 
left knob to re-set IL , 

insert the cell containing distilled 
water using the techniques noted in 
5, 6 and 7 above. 

If necessary, use the right knob 

Co re-set the needle at zero absarbance. 

Remove the cell and Insert the cell 
of permanganate solution using the 
techniques noted In S« 6 and 7 ajttve. 
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15 Record tne wavelength and tne 

absorbance reading, 

r , » 

16 Repeat steps 9 through 15 above 
until absorbance readings are 
recorded at 5 nm increments 
from 510 nm through 560 nm, ' 

* 

17 Make a graph plotting absorbance 
readings against wavelengths. 
With very good resolution, ihere 
will be two^geaks -> one at 5£5 nm 
and one at 545 nm. A single flat 

| topped "peak" betwe^n^these two 
wavelengtns is acceptable^ 

IS If the maximum absorbancesfoeak(sj 
occur below or t above 526 nm or 
546 nm, and at a number, of scale 
units different from the stated 9 
lnstrurapnt accuracy, the' wavelength 
control As misaligned. To compensate 
for thisf until the instrument can be 
serviced, add or subtract the error**" 
scale units when setting wavelengths* 
for subsequent tests, * 



IV CALIBRATION STANDARDS 

A Requirements 

A set of calibration standards is required, 
with concentrations usable in the available 
spectrophotometer cell (light pa^th length). 



1 



< 



9 

ERIC 



The method reference may provide 
a table of light path lengths and 
the corresponding applicable con- 
centration range for calibration 
standards, so one can choose the 
range required for his instrument 
cell or sample concentration. 

TheViethod reference may give 
directions for preparing one range 
of concentrations for a given light 
path length. If your cell provides 
a different length, your concentration 
requirements can be easily calculated 
by recalling that the light path length 
is inversely related to concentration. 
Thus, if your cell is twice the given 
path length, you need the given con- 
centration* divided by two t 

The method reference may give 
directions for preparing only one, 
range of concentrations for the 
calibration standards, and then » 
not be specific about the associated 



path length. You will have to test „ 
if the range is applicable to your 
instrument by preparing the given 
concentrations, obtaining absorbancp 
values for them _and checking the * 
results according to section Vlf 
(below), / 

- * * 

B Preparation 

The calibration standards required for 
spectrophotometry measurements are so < 
dilute, that they are commonly prepared by 
diluting stronger solutions. These are des- 
cribed in general terms below. Weights and 
volumes involved (in preparing these solutions 
for a specific test can be found in the method 
write-up. 

\ Stock Solutions 

a Prepare by weighing or measuring 
a small amount of a chemical 

' containing the constituent of f > 
interest and dissolving it to a* * 
one liter volume. 

b Common stock solutions have 

Concentrations in the range of *' 

.Ov 1 1.0 mg/ml. » 

i 

, c Most areirefrigerated for storage ^ 
and some are further treated by 
adding a preservative* 'Many are 
stable up to six months* 



2 Standard Solutions 



0 ml 



Prepare by diluting a stock 
solution (at rtfom temperature),* 
Common volumes are 10.0 or 20. 
of stock diluted to one liter. 

Resulting standard solutions have 
concentrations in the range of 
1*0 to*10.0ug/n>l. " 

Although some standard solutions 
may tie stable for a period pf,time, 
it is a recommended practice to 
prepare them on the day of use.* 



3 Calibration (Working) Standard Solutions 

*' 9 Prepare by diluting a standard 
solution. Usually a *et of cali- 
bration standards la required 
so that resulting concentrations 
give five to seven results within 
the sensitivity limit* of the instru- 
ment. Common volumes are 1 to 10 ml 

^ q of standard solution diluted to 100 njj. 
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b Resulting solutions might 
have concentrations in the 
range of 0,01 and 1,0 ug^ml. 

» 

c A reagent blank (distilled 
water) should be included 
in the set of standards* 

Adjusting Concentrations 

a* You may find it necessary 
to adjust preparation quantities 
given in the method write-up* 
because your cell (light path 
length) differs from the 
example* 

b These adjustments are 

discussed in A Requirements 
(above), and are usually 
^ applied to the Standard 
*\ (intermediate) Solution. 



C Chemical Treatment 



Most colorimetric methods 
require that the calibration 
standards (including the 
reagent blank) are to be 
treated &s the sample* Thus, 
they are to be processed 
through pretrpatments and 
through the test as if they 
were samples* Then any 
test effects on aample results 
will be compensated by the 
same effects on results ob- 
tained for the treated standards* 




■i 
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One should be aware that pH is 
a critical condition for most 
'colorlmetric reactions. 
Ordinarily* a pH adjustment 
ie* included in the test method 
and reagents include chemicals 
to control pH. Thus#the pro- 
cessed standards correspond to 
the aample 8 regarding pH, and 
thus they corredpond in degree 
of color development* If stand- 
ards are proceeded in some 
other manner, thoy must be 
pH adjusted to correspond to 
the samples at the time of 
color development* 



V SAMPLES DILUTIONS 



A Concentration Limits 



The concentration of the sample must 
result in an absorbance within the range 
of the calibration standards, i*e*, accu- 
rately detectable in the light path provided 
by the Instrument. A dilution before analysis 
may be required to accomplish this* It is % 
not accurate to dilute a sample after pro- 
cessing in order to obtain a usable absorb- 
ance reading* 

1 Record dilution volumes so a dilution 
factor can be calculated and applied 

to results. • * i 

\ 

2 An analyst often has a good estimate of 
the expected concentration of a sample 
if s/he routinely tests samples from 
the' same source. In this case* a single 

. dilution* If any , is 'usually suffi^ht. 

3 If a sample is from an unknown source* 
the analyst has several choices. 

^a Process the sample. If the reading 
shows it is too concentrated, dilute ' 
it until you get a value in the usable 
range. This results not accurate ' 
enough to reportTout you now know- 
how to dilute the sample Ao process 
it through the test to get usable* re- 



'suits. 



b Prepare at l£ast a 50% dilution and 
analyze it plus an undiluted aliquot*. 

c Prepare a variety of dilutions* 

d Use some other analytical method 
to get a rough estimate of the ex^t 
pected concentration* flp 

B Final Volumes 

1 Dilute to a final volume sufficient to rinse 
the measuring glassware and provide the 
test volume cited in the referenced method* 

2 Save ahy undiluted sample* 



I3i 
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VI PROCEDURE FOR USING A SPEFTRO- 
, PHOTOMETER 

A -Zeroing Operation * 

The following steps have been written 
for spectrophotometers used in this 
course. Check the manual for the 
available instrument for the steps 
applicable for your wo.rk. 

1 Set the wavelength control to 
the setting specified for the 
standards you are testing. . 
Approach the setting by be- 
ginning below the number 
and dialing up to it, / 

2 If a<:ell Is in \he holder, re- 



10 



11 



12 



tlose the cover and turn the light 
control (right) knob until the needle 
reads zero absorbance (on the 1 

lower scale). | 

j 

Record an absorbance of, zero for 
this zero concentration solution on 
a data sheet. (See next pige). 



i 



Slowly remove the cell 
cover. (No solution 
the instrument)/ Keep 
the cell. 



aid close the 
should spill inside 
e solution in 



13 The needle should return to the yifimte 
absorbance setting. It r; does not: 

f 

a Reset the needle to the oo absorbance 



move it. 



mark using the power 
(left) contr61 knob, j 



3 ' Close the cell holder cover. 

4 Turn th/y potfer switch/ zero 
control (left) knob until the 
needle reads infinite (symbol oo ) 
.absorbance (on the lower scale). 

5 Rinse a cell two times with 
tap water*, two tlmps with % 
distilled water* then two 
times with the reagent blank 
aoTCrvjon. 

6 Fill the cell about three - • 
fourths full with reagenf 

* blank solution. * 

7 Thorpughly wipe the outside 
of the cell with a tissue to 
remove fingerprints and any 
spilled solution. Hold the 
cell by the top edges. 

8 Open the cell holder cover and 
gently slide the cell down into 
the sample holder. 

9 ilowly rotate the cell until 
* the whlto vertical line on 

the cell is in line with the 
ridge on the edge of the 
sample holder. 



switch/ zero 



Re-te^i the reagent tilank solution 
using ^teps 7 through 12 above. * 

If the needle does not return to the 
oo absorbance mark, another setting 
as noted in a. and b f is required. 
Additional warm-up' time may be 
necessary before these Settings can 
be .made. 



Y 



B Reading ^bsorbanc^s \ 
» 

Using a single cell in the spectrophotometers 
used in this course / 



1 Discard any solution In the cell. 

2 Rinse the cell two times with tap water, 
and two times with /distilled water. Then 
rinse It two times with the lowest cchcen- 
t ration standard remaining to be tested. 

or with processed sample. 

* 

3 Fill the cell about' three-fourths full with 
the same standard or sample. * 

4 Use a tissue to remove any fingerprints 
from the cell and any droplets on the 
outside. H&ld the cell by the top rrig <>. * 

. 

5 Open the cell ■holder cover and gentlv 
slide the cell down Into the sample hdlder. 
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v r 



6 Slowly rotate the cell until the 
white vertical line on the cell 
is in line with the ridge on the 
edge of the sample holder. 

7 Close the cover. 

r 

8 Record the concentration of ' 
the standard and its absorbahce 

, on a data sheet. (For a sample, 
record its identification code and 
its absorbance on the data sheet). 



DATA •SHEET 


Concentration 
mg/liter 


Absorbanoe 


0.00 
























• 

* 








SAMPLE- 




JAM PLE 





10 When all the readings have been 
obtained* discard any solution 
remaining in the cell and rinse 
the cell with tap water. Clean 

the cell more thoroughly. (Ill C. 3)> 
as soon as possible. 
# 

11 If no other tests are to be done, 
turn off the instrument, pull out 
the plug and replace any protective 
covering. 



VU CHECKING RESULTS 

A Readings Greater Than 0. 70 

On our instrument, these are considered 
to be inaccurate. .Check the manual for 
your instrument or check the scale divi- 
sions to determine.ihe limit for other 
models* ^ 

1 Do not use readings greater than 
0.70 to develop a'calibration curve. 



Repeat steps 1 through 8 (above) for 
each standard and sample to be 
tested. If a large number of meas- 
urements are to be made, check the 
instrument calibration every fifth 
reading. * * 1 

a Use another aliquot of a 
solution already tested tp 
see if the same reading is 
obtained. If not* repeat the 
zeroing operation in A (above). 

b Alternatively, you can use the y 
blank, if supply permits, and/'' 
rppeat the zeroing operation/ * 



In A. (above). 



2 From fiv? to eight points (counting 
zfero) are recommended for constructing 
a calibration curve. It you have fewer 
than five ^able values, you should not 
draw a curve. f 

3 To prevent excessively high values 
in future tests, decrease the cell 

path length, if possible, by. using • 
an adapter and smaller cell. 

4 If you cannot decrease the cell pathj 
length, you can at least obtain 
enough values to construct a curve. * 
Prepare standards with five to eight 
concentrations ranging from zero to 
the concentration of the standard 
having an absorbance nearest tckO. 70. 
This gives you more values £pr a curve, 
but it reduces the applicable range of 
the tfest. Usually tye sample can be . 
diluted before teflfing so the result, 
will fit on the standard curve. 

B Highest Reading is Less Than 0.6 

1 Increase the cell path length by using 
-a larger cell. A high'er reading results. 

Prepare a different set of standards 
jurith greater concentrations." 



9 
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V1H CONSTRUCTING A* CALIBRATION 
CURVE 

, If you have from five to eight uaable 
absorbance values,' you ean construct 
a concentration curve. 

A Graph Paper 

Should be diyided into squares of 
equal size m both directions 

B Concentration Axis 



1 Labeling 

The longer side should be , 
labeled at equal intervals 
t with the concentrations of 
the calibration standards 
marked from 0* 0 to at least 

' the highest concentration 
recorded for the standards 

- on the data sheet. 

2 Units 

a it is most convenient 
to express these con- 
centrations in the units 
to be reported. Otherwise, 
a unit-conversion factor 
would have to be applied 
to obt&in final, reportable 
values every time you use 
the curve, 

b Example ': If you dilute a 
standard solution to make 
100*0 ml volumes of cali- 
bration standards, you * 
have a choice in expressing 
the resulting concentrations. 
You can use weight/ 100 ml/ 
or you can' calculate weight/ 
1 liter. If you are to report 
' results as weight/liter, but 

ybu construct your curve 
. u&tng weight/ 100 ml, you will 
. have to multiply every' sample 
• ■ result from the curve by f 

1000 i * 

or 10 to obtain the re* 

atble value. It is much 



C Absorbance Axis 



r 



.A 



por&l 



9 
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easier to convert the original 
calibration standard concentra- 
tfonff to* the desired units and to * 
use these as labels on tho graph. 



D 



1 Labeling 

The shorter sicle should be 
labeled at equal intervals 
with absorbance numbers* 
marked from 0* 00 to at least 
0,70'absorbance units. 

Plotting the Curve 

1 Use the absorbances recorded 
for each standard concentration 
te plot points for the curve. 

2 The points should fall in a 
reasonably straight line. 

3 Use a straight-edge to draw 
■* a line of best fit through the 

points* If the points do not 
all fall on the line, air acceptable 
result is an equal number of 
points falling closely above, f * 
as well as below the line. 
Experience provides a basis 
for judging acceptability* 

4 /fNa-not permissable to extra- , 
jpolate^e curve* 



i 



IX USING THETCAL1BRATION CURVE 
A Finding concentration of the sample 



1 



Use the absorbance vsj^?(s) - 
recorded for the samplf{8)# and 
the calibration curve to find the 
concentration(s)* lRhe concentra- 
tion units differ from those required 
for reporting results* apply a unit 
conversion fact6r (V111B. 2), 

If more than one dilution of a sample 
was tested, use the result that falls 
nearest the middle of the curve* 



B If a sample was diluted, calculate the 
dilution factor and apply it tq the con- 
centration yo]i find for the sample from 
the calibratlorfipurve* 
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1 1 Dilution Factors 



Tills outline was prepared by Audrey D; 
final dilution volume \* Kroner, Chemist. National Training and 



ml sample used in dilution ^ - * Operational Technology Center, OWPO, 

USEFA. Cincinnati. Ohio 45268 * 
2 Example - You diluted 10 ml . * 

sample to 50 tnl. The con* r - * ' ^ ^ 

centratlon found by using a 

calibration curve was 0, 5 * Descrlptors r Analytical Techniques, 

mg/liter. v -Chemical Analysis. Colorimetiy/ 

Laboratory Tests, Spectrophotometry 
Then • „ ' 

„ 50xhl x 0,6 mg 
constituent. mg/L. » -j^j i lte r - 

' s 2.5 mg/liter ■ 
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LABORATORY PROCEDURE FOR TOTAL PHOSPHORUS 



SCOPE'/vi' 



AND APPLICATION 

l 

A This method is for the determination of 
total phosphorus in drinking/ surface 
and saline waters and in domestic and 
industrial Wastes. 
<* 

B It is applicable, for concentrations of 
0*01 to 1.0 mg P/liter. This range can 
be extended py dilution of the sample. 

* • 

H* APPARATUS 

A Spectrophotometer with a light path of 

1 cm or longer fox' measurements at 650 
or 880 nm 4 

« * * 

B pH meter *and electrode(s) to fit 125 ml 
Erlenmeyer flask » 

C Filtration assemblies for 0.45 nm discs, 
to filter about 10 ml test solution 
t 

l\l PREPARATION OF GLASSWARE O) 

m A Traces of .phosphrorus on the glassware 
4 used in the test will cause significant 
errors, Th$ glassware and filtration 
<7 apparatus should be acid-washed. If 
this ec^itprnent can be reserved to use 
only for this ^st, the acid wash is only 
required occasionally. 

J Wash equipment with hot 1: 1 HC1 
in a hood. Wear rubber glomes. 

2 Kinse with tap water, thert distilled 
water. 



Fill or rinse each piece with the 
combined reagent used in tfce test 
to check for traces of phosphorus. 
A blue color will form if phosphorus 
"is present. 



ERIC 



Repeat the washing instructions un}il 

all phosphoruses removed (no color), 
i 

Then rinse everything several times 
with distilled water apcTaUowSit to dry. 

PHGS. lab. 4.U. 80 



IV PREPARATION OF FILTER DISCS 

The 0.45 L\m filter discs must be phosphorus- 
free. These can be purchased or you can 
trfeat discs as follows:^) 

A Soak the discs in distilled water, about 2 
liters for every 50 disc£, for 1 hour. 

B Pour off tfie water and replace it. 

9 m 

C Soak the discs another 3 hours. 

D Pour off water and dj 

E Check two or three dried disc^ by placing them 
in a small volume of comtSfied reagent. If a 
blue color develops, phosphorus is present 
and ypu should repeat tne wash operations. 
If no color develops, the otse^are ready 
for use. 

V REAGENTS<!> * 

A 10N Sodium Hydroxide 

* 

Dissolve 40 grams sodium hydroxide in about 
80 Al dlstUled water. Caution , heat and fumes 
are liberated. Cool and dilute tb 100 ml. 

p 0. IN Sodium Hydroxide 

— Dilute 1 ml 10N feodiurnhydroxide to 100 ml. 

C UN Sulfuric Acid * 

Slowly add 310 ml cont*. sulfuric acid to, 600 ml 
distilled water. When cool, , dilute to one liter. 



D 0, UN Sulfuric Acid 



J 



Dilute 1 ml UN 6ulfUric acid to 100 ml. 

E 5N Sulfuric Acid «. ~^ 

Slowly add 70 ml cone, sulfuric acid to 400 ml 
distilled water. Caution. Heat is liberated 
. When cool, dilute to 500 ml. 
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F Antimony Potassium Tartrate Solution 

Weigh 1.3715 g K(SbO)C 4 H 4 0 6 ' N2 H 2 0. 
Dissolve in 400 ml distilled water\in a 500 
ml volumetric flask and dilute to volume. 
Store at 4°C in a dark, glass-stoppered 
bottle* 

G Ammonium Molybdate Solution 

Dissolve 20 glNH^Mo-^^ 4H 2 0 in 500 
ml of distilled water. Store in a. plastic 
bottle at 4°C. 



L Standard Phosphorus Solution 



This solution should be prepared at the — 
time of use* -It is for tests utilizing 1 cm 
spectrophotometer cells* For other light 
path lengths, adjust the concentration 
accordingly* J 



2 Dilute 20* 0 ml stock phosphorus solution 
(at room temperature) to filter in a 
volumetric flask. * 

3 1,0 ml= l.OttgP. 



H 0. 1M Ascorbic Acid 

Dissolve 1. 76 g of ascorbic acid in 100 ml 
of distilled water* The solution is stable for 
about a week if stored at 4°C. 

I Combined Reagent 

This reagent must be freshly prepared for 
* each run. For 100 ml. mix E-FyG. and H. 
in {he following proportions-^nj^brder. (All 
reagents must be at room temperature) 

1 50 ml 5N sulfuric acid. 

2 5 ml antimony potassium tartrate solu- 
tion. Mix w£ll. If turbidity forms* let 
mix stand a few minutes* then shake 
again. Repeat until turbidity disappears. 

3 15 ml ammonium molybdate solution* 
Mix well. Follow directions in 2. if 
turbidity forms. 

4 30 ml 0. 1M ascorbic acid. Mix well* 
Follow directions in 2. if turbidity forms. 

J Ammonium PersulfaTe * 

No preparation is required* This is a 
vigorous oxidizing agent so stor^it with 
appropriate caution. 

K Stocjc Phosphorus Solution 

Weigh 0. 2197 grams of potassium dlhydrogen 
phosphate, KH 2 PCV which has been dried 
at 105°C and cooled. Dilute to 1 liter in a 
volumetric flask. , This solution Is stable 
up to 6 months if stored at 4°C. 

1, 0 ml> 0. 05 mgP. v* 



VI 



PROCEDURE* l)l 

Preparation t>f Calibration Standards 

1 Mark nine 50 ml volumetric flasks witjh 
the concentrations listed in Table 1. 

2 Using volumetric pipets, measure the 

\ amounts of standard phosphorus solution 
listed in the table into the corresponding 
50 ml flask* 





TABLE 1 




Use These 


** For this 




mis St'd P 


Cone. » me 


Absorbances 


sol/ 50 ml 


TP/Uter ■ 




0 


0.00 




1.0 


0.02 




3.0 . 


0.06 




b.O 


6. 10 




10.0 


0.20 




20. d 


0, 40 




30.0 


0.60 




40.01 


* 0.80 




50.0 


1. 00 




SAMPLE 







A 



er|c 2 
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k * 

* 3 Dilute each to the 50.0 ml mark, 
stopper and mix thoroughly. 

4 ^fete * The flask contain^ 50 ml 
distilled water (0, 00 mgP) is the 
\ reagent blank* • 
\ * f 

5 Mark nine 125 ml Erlenmeyer 
flasks with the concentrations 

> listed in Table 1. 

6 Pour the nine standards into the 
corresponding Erlenmeyer flask. 

B Measurement of Sample 

„ 1 Label a 125 ml Erlenmeyer flask 
with the sample Identification code. 

* 2 Shake the sample. 

3 Immediately #ipet' 50 ml of sample 
into the flask. * m * 



a If the P concentration of t^e 
sample is unknown on if it 
is kQOWn^ta ba greater than 
1.0 rag/if <fU s e. the wejl shaken 
sample 4 to make appropriate 
Ions in 50 ml volumetric 



fsks^v i , 



V, 
K 

b Record. 
& irradiation, 



,the ml o»Sunpl> 



used 



c Trarjafer the 50 ml dilution* s) 
to l25 v Vnl frrlenmeyer flasks 
that haVe been labeled with the 
m^b^|^nple usedftaihe dilution. 

C Digestion of Calibration Stimdards and 
Sample(s) * * 

1 Turn ^ the lioV^te(8). You 
need aurfacOarea for all the 
125 ml Erlj/uneyers flasks con- 
taining standards and sample. 

2 Use^a 10 ml graduated pipet to 
add 1 ml UN sulfuric acid to 
each flask/ 

v 3 Use * measuring scoop to add 
0*4 gram ajnmonlum per sulfate 
to each flask, 

• ,1 

*4 Add 4 glass boiling beads to 
each flask'. 
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5 Swirl each flaskto thoroughly 
mix the content*: 

6 Place the flasks on a hot plate 
and gently boll for 30-40 minutes 

* or untifra volume of aboiXKJO ml 
is reached. CAUTION ; Dohot 
allow any to go to dryness. 
Alternately* the flasks may be 
autoclaved for, 30 minutes at 
121*C (15-20 psiK — . y 



7 Cool the flasks. If necessary, acjd 
distilled water so the volume of each 
is about 30 ml. 



D pH Adjustment of Standards and Sample(a-T 

1 Adjust the pH of each solution to 7+ 0. 2, 
using a pH meter as follows: 

t * a CAUTION: Be sure any buffer solution 
used to calibrate the meter has been 
completely flushed off the electrode(s). 
„ Use combined reagent Xq check the 

^£ electrode(s), then rmse/with distilled 
water. f 

b Add 10N sodium hydroxide rapidly to 
a pH of* 3, then dropwise to a pH of 6. 

c % Add 0. IN sodium hydroxide dropwise 
until the pH is between 6. 8-7. 2. If 
\ % you over- shoot Jfche desired pH# add 

0. UN sulfuric acid dropwise until the 
pH is between 6. 8*7. 2. 

4 Rinse the electrode(s) with a very 
. sma& quantity of distilled water, 
collecting the rinse in the flask of 
solution tested. 

. - ' 

E Filtration of Standards and Sample(s) 
If a sample is not clear at this poinv 
m 

1 Add 2-3 drops of UN sulfuric acid to the 
turbid sample(s). 

2 Filter the solution through individual 
phosphorus-free* 0. 45j$m pore size 

v .filter discs. CoUect filtrate. 

- a Be sure filter apparatuses free of 
phosphorus contamination. 



b Rinse each Erlenmeyer flask with 
tWo 5 ml portions of diatiUed water 
and fUter each portion through the 
corresponding disc. 
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F Volume Adjustment 

After D t >pH adjustment and possibly E, 
. EUtration. the standards and sample(s) 
are at volumes otherthan 50 ml. 
Accordingly: 

1 Pour each solution back ihto the 50 ml 
volumetric flask used to prepare it. 
(You will need an additional 50 ml flask 

m for any undiluted sample(sV 

2 If there is less than about 45 ml In the 
vplumetric flask* use about 4 ;$nl ji stilled 
water to rinse the container into the SO ml 
volumetric flask. 

3 Dilute each solution to the 50.0 ml 
mark, . 

4 Stopper and invert each flask to thoroughly 
mix the contents. 



5 Thoroughly rinse and shak 
Erlenmeyer flasks ongina' 
the solutions. 



Sy us 



ttfe 125 ml 
used for/ 



Q Return each solution to its corresponding 
(cleaned) 125 ml Erlenmeyer flask. 

G Colorimetry . 

1 Pipet 8.0 ml ofcombined reagent \ 
into each Erlenmeyer flask. x 

2 Gently swirl each flask. 

3 Note the time. After 10 

minutes (and not more than ** 

30 minutes), <nake spectro; 

photometric readings at ^ 

880 nm. (650 hm may also 

be used). « 

4 Use the 0.00 mgP/liter * 
reagent blank to calibrate 
the instrument, v — 

b Record the absorbances in ■ 
Table 1 (A 2 above) next 
to the corresponding con- 
centrations of the standard*. 
A space is also provided 
for recording the absorbance 
of the sample. 



VII CALIBRATION CURVE 

A Obtain a piece of graph paper and label 
the axes. The longer side should be 
labeled with the conoent rations of the 
standards as feiven in Table I. The 
shorter axis is labeled from 0,00 to 
1.00 as fhe absorbance axis, 

B Use the absorbances recorded f{>r the 
standards in Table 1 ana the corre- 
' spending concentration of the standards 
to plot a calibration curve. 



VHI RESULTS 

A Use the absorbance value recorded in 
Table 1 fqr the sample to find the total 
phosphorus concentration from ti\e curve. 

1 If more than one dilution was run, 
use the result that? falls neahrest the 
middle of the curve. 
» 

B Dilution Factor 

If the sample was diluted, calculate 
the dilution factor and apply it to the 
concentration you found for the sample 
by using the curve. 

lV Dilution •Factor = 
50 ml 



ml sample used in dilution 



2 Example: You diluted 10 ml sample 1 
to 50 ml. The concentration found 
using the curve was 0.4 mg/L. Then- 

Total P. mg/L= 50 ml x 0.4 thg/L 



10 



Total P. mg/L= 2.0 
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FLUORIDE ANALYTICAL PROCEDURES-SPADNS 



I SPADNS PHOT OMETRlfc METHOD 
A Reagents 

1 Acid - zirconyl - SPADNS reagent; 

a Dissolve 0.9S8 g. SPADNS in about 
300 ml distilled water, contained in 
a I - liter volumetric flask. 
« 

b Dissolve 0.133 g zirconyl chloride 
octahydrate in about 150 ml distilled 
water and add to the flask. ^Cinse 
She container and add the rinses to 
the flask* 



c Add 3S0 ml concentrated HC1 to the 
flask, swirling to mix well. 

d Add distilled water to the liter mark. 

e The combined reagent is stable for at 
le?st two years. 

2 Fluoride stock solution. 0. 2210 g NaF 
dissolved in 1 liter distilled water 
( 1 ml = 0.1 mgJF). t 

8 Standard fluoride solution; dilute above 
stock solution 1:10 with distilled water 
(lml- 0. 01 mg F>» or dilute 1:100 to 
make 1. 0 mg/L F standard. 

4 Sodium arsenlte solution: 5.0 g 



2 Carefully measure 50-ml portions of 
each unknown sample into labeled, 125 ml 
erlenmeyer flasks. 

3 Pipet 10.00 ml of acid - zirconyl - SPADNS 
reagent into each flask containing a 
standard or sample 

4 Carefufly swirl each of the standards and 
8ampleis),to mix them with reagent. f The 
materials must be thoroughly mixed. 

5 With the distilled-water standard (0 mg/L 
F) in the cuvette, adjust the photometer 
slit so that a reading of . 300 or .500 on 
the ahtforbance scale is obtained. > Use a 

m wavelength of 570nm. 

6 Replace the 0 mg/L standard with the 
other standard and samples in succes- 
sion, noting the absorbance reading in 
each case. (There is no minimum color 

velopment time). 

Calculate the fluoride content of the 
unknown samples by Jhe formula* 



A - A 

o x 



NaAsOg dissolved in 1 liter distilled water. 
(Used as necessary for nemofal of chlorine 

in samples). ' 
"CAUTION: TOXIC 

B Procedure 

1 Prepare' two separate standards in 125 ml 
erlenmeyer flasks as follows: 

a 0 mg/L standard - carefully measure 
(with a volumetric pipet) SO ml of 
distilled water. v * 

b 1.0 mg/L Standard - carefully mtfafeure 

(with a volumetric pipet) SO ml of 1. 0 
1 mg/L 'F standard solution. 



k l 



where X is the fluoride content of the * 
sample in mg/L* 

where A Q is the absorbance reading 
of the 0 mg/L standard, 

where A x is the absorbance reading 
of the unknown sample, and - 

where^Aj Is the absorbance reading 
of the 1.0 mg/L^tandar^ 

If preferred, a curve may he drawn by 
plotting the absorbance readings of the 
two standards and connecting with a 
straight line. The line may be extended 
to 1.4 mg/L, but no further. 



0 CH. HAL. f.lab. 3b. U. 80 

ERLC * • ^ 
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' FLUORIDE ANALYTICAL PROCEDURES - ELECTRODE 



1 EllECTRODE METHOD USING A pH METER 
A Reagents 

1 TISAB 

a Place approximately 500 ml distilled 
water in* 1 - liter beakec. Add 57 ml 
cone, acetic acid. 58 g. sodium 

* chlorine and 4.0 g 1. 2 cycfohexylene 
diamine tetraacetlc acid (CDTA)* 
Stir to dissolve. 

b Place the beaker In water bath (for 

cooling). Insert a calibrated ptf electrode 
and a reference electrode into the 
solution and slowly add approximately 
6N sodium hydroxide (about 125 ml with 
stirring) until the pH is between 5.0 and 
5. 5 Put into a 1-llter volumetric flask^ 
and add distilled water to the mark. 
„ Mix well. ^ 

2 Fluoride stock solution 



1 Prepare a series of standards by pipetting 
the Indicated amounts of standard fluoride 
solution inh> labeled 150-ml beakers, add- 
ing the tndlcated amounts of distilled water 
{by pi pet). 



2 Pipet 50. 0 mi of each sample into a labeled 
. 150 ml beaker. 

3 Using a pipet, add 50.0 ml TISAB to each 
beaker of standard or sample. 

r 

4 Bring standards and samples to the same 
temperature (plus or minus 2°C^preferably 
rogjri tem^Jferature. 

5 Irtimerse the electrodes and measure the 
developed potential while stirring the 

-test solutions with a magnetic stirrer. 
Allow the electrodes to remain in the 
solution for 3 minutes before taking a 
final mv reading. Rinse electrodes with 
distilled water and blot dry between use 
in each solution.* Re.cord mv reading for 
each standard and sample. Confirm the 
telectrode calibrati©ft-by checking the 
reading of the 1.0 mg/L standard between 
each standard and sampl^ Adjust the 
calibration control as necessary until the 
meter reads as before. 

Plot the potential measurement of standards 
in mV along the arithmetic horizontal axis 
of 2 -cycle semilogarithmic graph paper. 
Plot mg/L on the vertical logarithmic axL.* 
starting with 0. 1 mg/L at the bottom. 
♦ 

Read the fluoride concentration of the un- 
known samples from the standard curve 
prepared from the readings obtained on 
the standards. 

OUTLINE CONTINUED ON 
NEXT PAGE 



f 



a Dissolve 0. 2210 g. sodium fluoride , 6 
in 1 liter of distilled water (1 ml = 
0. 1 mg F)t * 

3 Standard fluoride solution 

a Dilute 20 ml of the above stock 7 
solution to 1 liter (1 ml = 0. 002 mg F). 

B Procedure 



dard Soln. Dlst:°ftater mg F mg/L F 



5 


45 


O.pl 


0.2 


10 


40 


' 0,02 


0.4 


15 


35 


0.03 '■ 


0,6 


20 


30 


0.04 


0. 8 


25 


25 


0.05 


L*0 


50 


0 


0.10 


2,0 



CDTA 18 alao lldted as 1", 2 cyclohexylenc 
dtnltrilo tetraacetlc acid \ A "t 

O 1 * f 
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Fluoride Analytical Procedures ♦ Electrode 



II ELECTRODE METHOD USINQSELECTIVE^ 
ION METER < 2 > / 



A Reagents 
1 TISAB 



a Prepare as for Electrode Method. See 

I.A.I, above. 
» • 

2 Fluoride stock solution 

k PrepVre as for Electrode Method. 
See 11 A. 2 above* 

■ 

3 Standard fluoride solutions 

* a Dilute fluoride stock solution MO with 
distilled water to make 10.0 rng/L 
standard (1 ml = O.^mg F). 

b Dilute fluoride stock solution 1:100 with 
distilled water to make 1.0 rng/L 0 » 
Standard (lml= 0.001 mg F ). ■ 



B Procedure 

1 Measure two standards; 



a In a 1501ml beaker labeled "1.0 mg/L" add 
by pipet 50 ml of the 1. 0 mg/L fluorio* 
standard solution. 

b In a 150 ml beaker labeled "10 mg/L" add 
by pipet 50 ml of the 10. 0 mg/L fluoride 
standard solution. 

2 Add 50 ml (by pipet) of TISAB to each of the 
standards. Stir or swirl to mix. 

i 

3 Pipet 50 ml of each sample into a labeled 
150 ml beaker. 



Turn off the meter, lift the electrodes, 
rinse "them in distilled water and pat , 
ry with a tissue. 4 

8 Immerse the electrodes in the 10 nTg/L 
standard, set the selector of a Model 

407 A meter on "x"" or that of a Model 4t)9 
on "0.1 - 10". Stir or swirl the beaker 
gently for 3 minutes. Adjust the meter 
until the pbinter indicates 10.0 bg/L. using 
the Ternp<?rature Compensator on a Model 
407A or the "0.1 • 10" knob on a Model 
409. Turn off the meter, rinse and dry 
the electrodes after each use. 

9 Immerse the electrodes ifT* saitrple. set s 
the meter selector .to "X " or 0. S - 2 \ , 
Stir or swirl the beaker gently for S % 
minutes and read the fluoride concentration 
directly from the mjeter Sale. If the 
fluoride concentration is 2 on the Model 
409. set the selector at "0.1 - 10" to 
obtain the reading. 

REFERENCES 

1 Standard^Method 8 for the Examination of 
Water and Wastewater, 14th ed. . 1975. 
APHA-AWWA-WPCF. Washington. D.C. 
p. 391 

Orion Research, Inc.. Analytical Methods 
Guide. October 1971 



ralysis 
. ..„ r _ r . 

Stir Qr swirl to mix. 4 

5 Immerse {he electrodes in the 1.0 mg/L • < 

standard. Set the_selector of a Model 
. 407A meter on M x" \ Stir or swirl the 

beaker gently for 3 minutes." On the Model 
' 40§ meter, the selector should be set at 

"0.5-2". 



r . 



8 Adjust thk meter so that the pointer 
reads 1.0 n\g/L* Use the calibration 
knob on a Model 407A or the ,f 0. 5 • 2" 
knob on a Model 409. 



14. 



o 

ERIC 



24-2 



This outline wast prepared by Dr. E. Bellack. 
Office of Water fl upply. EPA. Washington. D. C . 

Descriptors- Analysis. Chemical Analysis. 
Fluoridation. Fluoride, Fluorine, Water 



DETERMINATION OF NITRATE/NITRITE NITROGEN tCADMlLM REDLCTION METHOD) 



I SCOPE AND APPLICATION 



A This method is for the determination of 
total nitrate and'.nitrite nitjrogen in drink- 
ing, surface and saline waters, domestic * 
and industrial waste?* By carrying out 
the procedure without the initial reduction 
step, the method determines only nitnte 
nitrogen.^ Thus separate nitrate nitrogen 
and nitrite nitrogen values can be obtained 
.by carrying out the procedure first with» 
and then without, the, initial reduction step. 

B The applicable range of this method is 

0. 01 to I. 0 mgyiiter nitrate/nitrite nitrogen. 
The rang£ may be extended by dilution of 
the sample. / 

^ 1 ■ 

§ 

11 APPARATUS 

A Spectrophotometer with a light path of 1 cm" 
or longer for measurements at 540 nm, 



III 



B 



B pH meter and ele^trode(s). 
C Reduction Cblumn. 



1 Cut off both ends of a 100 ml volumetric 
pipet so that it measures 10 cm from ihe 
base of the cup to the top. and about 25 cm 
from the base of the^cup to the end of the 
column. 

2 Use glass wool* as a plug for the column. 

3 Attach, a piece of tygon tubing (aWit 7*5 cm 
length) to the lower end of the column. 



Put two screw clamps around the tygon 
tubing. The upper damp is used to adjust 
the /tow rate and the lower is used t<f% 
the flow of solution. * 



Jtop 



5 Put the clamp in a buret support on a ring 
stand. 

, ». G 

6 You^cao purchase reduction columns for 
this'proccdurc* . * H 



I 



REAGENTS* l) 
Distilled Water 



An ion e change column in conjunction 
with a still provides an adequate supply 
of highly pure water. 7 

Concentrated Ammonium Chloride 7 * 
EDTA Solution 
* 

Dissolve 13g ammonium chloride and l*7g 
disodiurp ethylenediamine tetraacetate in 
900 ml distilled water. Adjust to pH 8. 5 
withrconcentrated ammohium hydroxide 
and dilute to 1 liter with distilled water. 



C Dilute Ammonium Chloride - EDTA Solution 

t 

Dilute 300 ml concentrated ammonium 
chloride EDTA SOlutfort to 500 ml with 
distilled water. 

D Color Reagent 

.Add 100 ml concentrated phosphoric acid to 
" about 800 ml distilled water in a 1 liter volu - 

metric flask. Mix well. Dissolve lOg 
. sulfanilamide and Ig NU-naphtfiyl)-ethylene- 

diaminfe dihydrochlaride in the acid mixture. 

Mix, then dilute to I liter with distilled * 

water. . " < 

E Zinc Sulfate Solution (Turbidity Removal) 

Dissolve lOOg zinc Sulfate heptahydrate in 
distilled water and dilute to I'liter. 
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6N Sodium Hydroxide Solution (Turbidity 
Removal) 

Dissolve 24g sodium hydroxide in about 80 ml 
{UsUl^ed water. Caution: Heat apd fumes are 
liberated. Swirl to dissolve and cool the mix- 
ture. Dilute to 100 ml with distilled water* 
. / 

'Non-polar Solvent (Oil and Grease Removal), 
a supply of freon, chloroform or equivalent. 

cone. Ammonium Hydroxide (pH adjustment) 

r 

cone. Hydrochloric Acid (pH adjustment) 

/ 
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4 



J 6jj Hydrochloric Acid - * 
» • 
4~dd SO n\l»concr hydrochloric acid to about 
.45 ml (Jlrftillsd water* Swirl, ^cool aKSr 
' dilute tcj 100 jnl.. I 

■ " r 

*K 2% Copper Sulfate Solution % 

Dissolve 20g copper sulfate pentahydrate 
in 500 ml. distilled water. Dilute to 
l-litert * 

L Granulated Cadmium 

, Eacfi column requires abojut 20g cadmium, 
granulate^ to pa^s a lOvnesh sieve and to be 
NMj(ained on a 40, then a 60 mebh sieve.- 
Filing stick cadmium should be done in a 
hocxj to avoid inhalation of small, particles, 
' The correct mesh cadmium can be purchased. w 



M Stoc^ Nitrate Solution, 



Weigh Out 7.218g potassium nitrate, dissolve 
it ifc fc dibtilled wa^er and dilute toT/1 liter. , 
' * Preserve with 2 ml chloroform. This solu- 
tion is stable up tb & months if stored at 4*C. 
, " * 

• • 1.0 ml f \J)0 mg nitrate nitrogen. » 

N Column -Activation Nitrate Solution 

# This solution should be prepared at the time 

of use. It is required only when the cadmium 

has been washed witfc acid and copperized to 

prepare $r Vo re-activate a column. » 
' / * •* * 

/ - 
1 Dilute 1.0 ml stock nitrate solution 

' y^at room temperature), to 1 liter in 

volumetric flask. t - « 



/ 



P Stock Nitrit^ Solution 

Weigh out 6.072g* potassium nitrate, ' , 
dissolve it in distilled water and dilute 
to 1 liter. Preserve with 2 ml chloroform. 
The solutionis stable up to 3 months if 
stored'at 4*C. 



M.0ml= 1 . 00 mg ferity-nitrogen. 

Q Standard Nitrite Solution 

This solution should be prepared at the time'' 
of use*. It is for tests utilizing lftm Spectro- 
photometer cells. For other light path lengths, 
adjust the concerffration accordingly* 

1 Dilute 10.0 ml stock' nitrge solution * 
(at room teifiperaturV) to 1 liter in f \ 

a volumemc flaSk. \ ' ^ V 

2 1.0 ml a 0*01 mg nitrite rii^rogeti 



IV PREPARATION OF REDUCTION COLUMN 



(1) 



■ A Copperizmg the CadmiiJ 

1 WeighW-about 20g 
and place them m a 




mm granul 
ml beaker. 




2 l/O.ml * 0.001 mg nitrate nitrogen 
O Standard Nitrate Solution 

V • - ' 

y\ii% solution should t}e prepared at the timef / 
. Jbf use. - It is for tests utilizing 1 cm spectro- 
/photorneter cells. For other lightpath lengths, 
I a<fjuMth'e~c&nc(>ritration accordingly, 

y 1 DUiite lp<.0ml stoctf nitrate solution y 



(at reom temperature) tctf I liter in a 
volpmetHc flask 

^X.01 



2 1.0 ml 



ERLO* 



mg nitrat^nitrogen 



9> 



is,: 



Add enough 6£J hydrochToric ac 
cover the granules. 



3* Swirl, then decant off the acid. {Note: 
All through this procedure, decant into 
* a filter paper flo a~funnel supported in 
an»old bottle, ertf. , Whenever small 
particles of cadmium ure\part of the 
decanted rtiaterial. ) " 

' 4? Add enough distilled water to coyer 
the granules, ( S 

v 5 Swirl to wash, then decant off the water. • 

6 Wash the granules two times more using 
steps 4 and S above. The color of the * 
cadmium. should be silver** 

7 Tour about 100 ml 2% coppy sulfate 
solution over the granules.' 

.8 Swirl until the bltie -color.of the copper 

sulfate fades (about 5 minutes). A browX, 

- very fine precipitate of metallic copper 

shoufifrorm* $ 
# * 

\ 

9 Decant off the- copper sulfate solution. 



+ 



V 



PETE ft Nil tM AT ION OF NI^rRATE/NITBlTE NITROGEN (CADMIUM REDUCTION METHOD) 



10 If no brown precipitate was.ob- 
served In step 8, do another 2% 

~to$Rjr sulfate treatment using 
* steps 7-9 above. 

11 Remove ail the brown precipitate by *r 
adding at least 10 distilled water rinse&v 
(in about 75 ml amounts), and decanting . 
off the precijfltate into the filter Paper * 
set-up dfcsqribed in 3 tfbove.^Using a 
spatula to, move the precipitate along 
with the watfcr facilitates this' operation. 



12 The cadmium so treated should be black. 



B Checking Granule Size 

% 1 Use a spatula to transfer th> 
copper-cadmium granules to 
a 60 mesh sieve. 



2 Hold the sieve over the filter 
paper set-up, Squirt distilled 
water over the granulesiat 
^ least three times 'to wash any 
"hnes" through the sieve. 
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> Use the squeeze bottle for 
distilled water and a spatul^n 
* to return the granules to the^ 
beaker, * v 



4 ' Decant off excess water. - 
C FiUing the Column ' 

1 Close one of the clamps on " 
the delivery tube of the column, 

2 Slowly fill the column almost 

to the tQp of the cup with die- a 
tilled water. Release any air 
pockets that are formed, 

3 Slowly add the copper-cadmium 
granules and allow them to "float 11 
SSPdP through the wafer. Use 

a spatula |o move the wet granules 
out of the beak4r. Continue this * 
addition until you have loosely 
filled the column up tp about, 2 cm 
below the cup-like section. (The 
column of granules should be about Wfr 
18.5 cm in length)* 

D Checking the Flow Rate ' 

«" 

1 Place a graduate under the column 
and open the screw clamp. 



2 Time the rate of flow. It should . 
be between 7 ml and 10 ml/ minute 

* ■» 

3 If the flow rate is too fast, tiffieh $ 
the screw clamp and re-check the 
rate. Do this until the flow is 7-lp 
ml/ minute. If the clamp shuts off 4 
thq flow before the desired rate is" 
obtained, add more copper- cadmium 
granules to the column. Continue 
checking the rate and adding granules 
until the 7-10 mltoiinute rate 

is achieved. DO NOT let the colum^ 
go dry, 

4 If the flow rate is too slow, 
loosen the clamp and ro^check 
the rate. If the 7-10yKl/'minute 
rate cannot *be a chi«/ed, remove 
some of the granule&through 
the cup end of the column and 
re-check the rate, DO NOT 

let the column go dry. 

5 When the 7-10 ml/ minute flow 
rate is achieved, •'allow the re- 
maining solution to drain until 
it is about 2.15 cm above the 

» top of the granules. Use the 
second clamp to stop the flow 
of solution from the column. 

g Wash the column with a total * 

of 200 ml dilute ammonium t 
- chloride -*EDTA solution. 

7 Allow thi£ to drain through a£ 
the established flow rate of 7-10 
'ml/ minute, fctop the flow when 
the solutionis about 2,5 cm ^ 
above the top of tho*granulea. 

y 8 The column of granules should 
" always be covere*d with*bolutibn. 
When the column is n^t is use, ' 
use distilled water or dilute 

f- ammonium chloride - EDTA 

solution to cover the granules, 18 
(Allow extra for evaporation). 

£ Activation of the Column 

■ b 1 Pipet 25.0 ml of the column- 
activation nitrate solution (1. 0 ml » 
0.001/mg nitrate nitrogen) into a 4 
25Q ml Erlenmeyer flask. 



152 



Add 75 ml concentrated ammonium 
chloride * EDTA solution and 
mix. ' 

3 Place a £50 ml beaker under the 25-3 
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column and, if necessary , 
bring the level of storage 
solution in the column down* 
to the top of the granules* 

4 Place a graduated cylinder 
under the column* 

5 £11^ the cup of the column, 
using the mixture prepared 
in 1 and 2 (above)* 

6 Unscrew the stop-flow clamp 
and time the flow rate. If the 
rate is not between 7-10 ml 

'per minute, adjust the screw 
fclamp which regulates flpw 
until the rate 'is aihijygd, 

7 Continue the now through the - 
column until all the mixture 
prei&red in 1 and 2 (above) 
has been added, and the level - 
of solution is about 0*5 cm 
above the top of the granules* 
Stop the flow* ' Any collected 
mixture should be discarded* 

8 Measure and pour into the 
column about 40 ml dilute 
ammonium chloride - EDTA 
solution. Repeat step 6 and 
7 (abdve) procedures- This^ 
"washes" the column-actfvatibn 
nitrate solution off the granules, 
fr you had to do mych adjusting 
taget the correct flow rate in 
the step 6 procedure, do a second 
rinse with about 40 ml fresh, 
dilute ammonium chloride - EDTA 
solution and utfing the step 6 and 

7 (above) procedures,* 

9 The column is now ready forMiee. 

REMOVAL OF INTERFERENCES 
FROM SAMPLES - AS NECESSARY 



A Turbidity 



u 



1 Filter about 200 ml sample 
through a glads fiber filter 
or ft 0,45 pm membrane 
filter* Alternatively, use < 
the following steps 2 
through 5, 



Add 2 ml zinc sulfate 
solution to 200 ml sample 
and thoroughly mix. 



3 Add 0*8-1 ml (16-20 drops) 6*J 
sodium hydroxide solution to 
bring the pH to 10* 5 (Use a, 
pH metert. 

4 Allow the fieavy, flocculent 
precipitate to settle by letting 
the treated sample stand a 
few minutes* 

5 Filter the supernatant through 

a glass fiber filter or a 0, 45 urn 
to membrane filter. 

i 

B Oil and Grease - * 

1 Adjust the pH of about 200 ml of \ 
a non-turbid sample to 2 by 
addition of cone, hydrochloric 
acid. (Use a pH meter). 

2 Placd the sample in a 500 ml 
separatory funnel. 

3 Add 50 nil <Jf a non-polar solvent, 
such as freon or chloroform, 

4 Shake gently to extract the oil * 
and grease/ 

5 Allow the solvent layer to separate. 

6 Collect the solvent layer in a 100 
ml beaker and discard it. 

7 Repeat steps 3-6 with a fresh, 
50 ml portion of solvent 

8 The sample remaining in the separatory 
funnel is now ready for testing. 

VI DETERMINATION ok NITRATE PLUS 
- NITRITE 

A Preparation of Nitrate Calibration 
Standards , 
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1 Mark six 100 ml volumetric 

T flisks with the concentrations 
listed in Table M, column 2. 

2 Using volumetric plpets, 
measure, the amounts of 
standard nitrate solution 

t listed in Table 1 into the 
'* corresponding 100, ml 
.volumetric flask. * 



TABLE 1 


Use these 
mis St'd NO3 
Sol/ foo ml 


. For this 
cone. » mg 
NO3-N/I 


Absorbances 


0.0 ml 


0.00 




0. 5 ml 


0.05 




1.0 ml 


* 0. 10 




2.0 ml 


0.20 - 




5.0 ml 


0.50 




10.0 ml 


1.00 




SAMPLE 







Sh — n 



3 Add enough distilled water 
to bring each solution to 
the 100.0 ml mark/ Stopper 
and mix thoroughly. 

4* Note One flask contains 100 ml 
distilled water (0. 00 mg NO -N/ 1 ). 
It Is the reagent blank. 



5 Mark six 150 ml beakers 

, with the concentrations listed 

in Table, 1» column 2. 
■ 

6 transfer each calibration 
standard to the correspond- 
ing beaker. 

- * 

B pH Adjustment of Standards and Sample 

1 Transfer about 200 ml sample 
to a"400 ml beaker. 1 * ■ * 

" a Any treatment required 
to remove- interferences 
should have Deen completed 
prior to this, step. 
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, b Samples may require 
. dilution If the nitrate 
nitrogen concentration 
exceeds 1 mg/llter*, 



1) Use a. 100 ml volumetric 
flask and a plpet for each 
dilution. 

2) Record the ml sample used in 
the dilution to 100 ml^ 

3) Transfer the diluted sample 
to a 150 ml beaker. 

4) Save the remainder of sample 
> m the 400 ml beaker. It will 

be required for the nitrite 
determination. 

2 Use ammeter to check the pH of each* 
solution. If necessary, athus^the 
pH to between 5 and 9 withVeither 
cone, hydrochloric acid or cone, 
ammonium hydroxide. 

■ 

Reduction of Nitrate to Nitrite in 
Standards and Sample plus Color 
Development 

1 Process the 0. 00 mg/llter nitrite- 
nitrogen s tandara (reagent blank), 
.each standard and sample using 
"~ the following steps. 



2 Plpet 25.0 ml of the reagent blank, 
standard or sample into a 250 ml *« 
iprlenmeyer flask labeled with the 
concentration of the standard or 

the code of the sample. 

3 Add 75 ml concentrated ammonium 
chloride -EDTA solution to the same- 
flask and mix welLby swirling* 

4 Place a graduated cylinder (at least 
25 ml ^capacity) under the column. 

5 Fill* the cup of tho column, using the 
mixture prepared In 2 and 3 (above). 

6 Open the stop-flow clamp. 

7 Again/ check that the flow rate 
Is 7-10 ml/minute and make any 

, . adjustments necessary to achieve > 
" this flow. 
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8 Use the stop How clamp when 25 ml has 
.been collected. Discard this "wash". 

■ > * 

9 Pour the rest of the mixture prepared 
in 2 and 3 (above) into the Column cup. 

m 

1° Rinse the Utlenmeyer flask. Discard the 
rinse and shake out excess distilled water. 

1 1 Place the flask under the column sfhd 
collect the rest of the mixture. Stop 
the flow when the solution is about 0. 5cm 
above the top of tha granules* The flask 
contains nitrite in solution, i.e., any 
nitrite in the original •sample, plus 'the 
nitrite formed by the column's reduction 
' of nitrate is the original samples. 



space is also provided for recording 
the absorbance of the sample. 

E Calibration Curve 

1 Obtain a piece of graph paper and 
label the axes. The longer side 
should be labeled with the concentra- 

. tions of the standards ias given in v * *p 
Table 1. The shorter axis is labeled 
from 0.00 to 1.00 as the absorbance 
axis. 

a 

2 Use the absorbances recbrded for the 
standards in Table 1 and the correspond- 

H ing concentration of the standards to 
plot a calibration curve. ♦ 



V 

12 • IMMEDIATELY, pipet 50. 6 ml of the 
reduced standard or sample into a clean, 
labeled, 100 + ml flask or beaker. (NOTE- 
Nitrite can oxidize back to nitrate).^ » p Results 



Title the graph, M Total Nitrate Plus 
Nitrite." 



13 Add 2. 0 ml color reagent and mix thor- 
oughly by swirling. * * 

14 The mixture should stand at least 10 
minutes, and not more than two 'hours 
before spectrophotometry measurements. 
This allows time to repeat steps 2 through 
13 for each standard and sample so all 
spectrophotometry measurements can be 
done at the same time. (More than one 
column can b£ used by analysts expen - 
enced in performing the t0 v st).^ * 

15 Repeat steps 2 through 14 for each stand* 
a rd and; sample. 

D Spectrooh^tometric Measurements 

1 AbsornVice measurements must be made 
within twshours of the addition of tjie 
color reagent. 

a. The instrumentMTjust be warmed up. , „ 

b Use the 540 nnrwavelengttf. 

c .Use, the'o, 00 mgy liter nit rater 

nitrogen standard ( reagent blank) , t 
to calibrate the instrument. <•* 

I / 

2 Record the absorbances in Table 1 
(A. 2. above) next 'to the correspoq 
concentrations of thcstandards. 



Use th* absorbance value recorded in 
Table 1 for the sample to find the con- 
centration of total nitrate plus nitrite 
nitrogen from the curve. \ 

If a ddiMon was used, calculate the 
dilution factor and apply it to the con- 
centration you foun4 for the sample by 
"using the curve. 

a Dilution Factor - 

100 ml 



ml sample used in dilution 

b Example: You diluted 25 ml 
sample to 100 ml. The con- 
centration found by using the 
curv$ was 0.4 mg/liter. Then 

Total N0 3 +N0 2 -N mg/1 = 

lOO^x 0.4 or 1.6 
25 

3 If more than one dilution was tested, use the 
result that falls nearest the middle of the curv<5. 



it 
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VII Determination of Nitrite 

A Preparation of Nitrite Calibration 
Standards ^ 

1 Mark six 100 ml volumetric flasks 
with the concentrations hated in 
Table 2^ column 2. 

2 Using volumetric pipets. * measure 
the amounts of standard nitrite 
solution listed in T^ble 2 into the 
corresponding 100 ml volumetric 
flask. 



TABLE 2 


Use these 


For this 


* 


mis St'd N02 


cone. . mg 


Absorbance 


sol/ 100 ml 


N0 2 -N/l 




0-0 ml *• 


0.00 




0. 5 ml 


0.05 




1. 0 ml 


o:io 


^Hr 


% 2. 0 ml 


0. 20 




5.0 ml 


0.50 




10.0 ml 


1.00 




SAMPLE 







6 



Add enough distilled water to bring 
each solution to the 100.0 ml mark. 
Stopper and mix thoroughly; 

Note: One flask contains 100 ml 
distilled water (0. 00 mg NO -N). *- 
It Is the reagent bl*nk. 2 

Mark six 150 ml beakers with the 
concentrations listed In Table 2, column 2. 

Transfer each calibration standard . 
to the corresponding beaker. 



B pH Adjustment of Standards and Sample 

} You should have reserved 100-175 
ml of undiluted sample from VIB 
(above). 

a Nitrite concentrations are* 
usually well within the applica- 
bility of this test sample 
dilution is usually not required. 



\ 
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2 Use a meter to check the pH of 
the sample and of each nitrite' 
standard solution. If necessary , 
adjust the pH to between 5 and 9 
with either cone, hydrochloric 
acid or cone, ammonium hydroxide. 

C Color Development 

1 Label clean. 250 ml flasks with 
t the concentrations of the standards 

or the sample code. 

2 Pipet 25. 0 ml of the reagent blank, 
each standard and sample Into its 
corresponding flask. 

3 Add 75 ml concentrated ammonium 
chloride - EDXA solution to each 
and mix welLby swirling. 

4 Pipet *50.0 ml of each standard and 
sanjple mixture prepared in 2 and i 
into "a clean, labeled 100+ ml flask. 

5 Add 2.0 ml color reagent to each 
and mix thoroughly by swirling. 

f Each mbrture should stand at least 
10 minutes (but not more than twg 
hours) before spectrophotometry 
measurements. 

D Spectrophotometry Measurements 

d 1 The instrument must be warmed up, 

2 Use the 5*40 nm wavelength. — < 

3. Use the 0.00 mg/}tter nitrite nitrogen 
standard (reagent bis^nk) to calibrate 
"the Instrument. 

4 Record the absorbancea in Table 2 7 
(A2. above) next to the corresponding 
concentrations of the standards. A 
space is also provided for recording 
trie absorbance of the sample. 

E Calibration Curve 

1 Obtain a piece of graph paper and 
label the axes. The longer side 
should be labeledLwith the concentra- 
tions of the standards as given in 
Tat?le 2*' The shorter axis is labeled 
from 0.00 to LOO as the absorbance axis. 

" * 25-7 



DETERMINATION OF NITRATE/ NITRITE 



NITROGEN {CADMIUM REDUCTION METHOD ) 



< Use the absorbances recorded 
for the standards in Table 2, 
and the corresponding concentra- 

. tion of the standards to plot a 
, calibration curve. 

Title the grjph "Nitrite 11 . 



F Results 



Use the absorbance value 
recorded in Table 2 for the 
sample to find the concentra- 
tion of nitrite nitrogen from 
the curve. 

A dilution was probably not 
necessary. If it was required, 
calculate the dilution factor ' 
and apply it to the concentration 
you found for the sample by using 
the curve. - 

a Dilution Factor = 

final dilution volume 



ml sample used in dilution 



VIII CHECKING COUJMN EFFICIENCY 

A In order to validate results, check the 
efficiency of the reduction column by \ 
comparing at least one reduced niUrate 
standard to a nitrite standard of the 
same concentration. ' * 

1 ft efficiency = H 



gffsorbance of NO^St'd* ^ J00 
absorbance of N02^ ,<J * 

4 

* Standards of equal concentration 

2 The tfsdue Is acceptable if it is * 
between 96 and 104%. 

-/ 

3 The best representation of column 
efficiency is the average of the % / 
efficiencies, calculated by comparing 
every pair(5) of NO3 and NO2 standards 
of equal concentration. 



B If the column efficiency is acceptable* 
report the results as required. See * 
Section IX. 

C If the % efficiency of the reduction 
column is not within -the Acceptable 
range, you should remove the copperized 
cadmium from the column, add a few grams 
of cadmium (new or used) aAd repeat all 
of section IV, "Preparation of Reduction 
Column" (above),. 



IX REPORTING RESULTS 

# 

> The results from this test can be used in a ^ 
variety of ways to report nitrate-nitrite 
concentrations. 

A Total Nitrate plus Nitrite Nitrogen 
1 Report the results from section VI F 

B Nitrite Nitrogen 

I ' Report the results from section Vll P 

C Nitrate Nitrogen 

1 Subtract the result for nitrite nitrogen 
(VII F) from the result for total nitrate 
plus nitrate nitrogen (VI F) for eAch 
sample. 



D Nitrate 



1 Calculate the concentration of nitrate 
nitrogen in the sample as described 
in C. (above). ~ 

2 Multiply this concentration by 4.43 
E Nitr4te 

1 

1 Multiply the result for each sample 
from section Vll F by 3.29 
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Determination of Nitrate/ Nitrite Nitrogen (Cadmium Reduction Method) 



REFERENCE . 

1 Methods far Chemical Analysis '6f Water 
and Wastes, 1974, USEPA - EMSL, 
Cincinnati, Ohio 45268 



This outline was prepared by Audrey D. 1 
Kroner, Chemist, National Training and 
Operational Technology Center, USEPA, 
Cincinnati, Ohio 45268 



Descriptors: Analytical Techniques, 
Chemical Analysis, Laboratory Tests, 
Nutrients, Nitrate, Nitrite*, Nitrogen, 
Water Analysis 
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Determination of Nitrate f Nitrite Nitrogen (Cadmium Reduction Method) 



"A 
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TWprmination of Nitrate/Nitrite Nitrogen (Cadmiu m Reduction Method) 




LABORATORY PROCEDURE FOR TOTAL SOLIDS 



I INTRODUCTION 

t i 

A Thia procedure was excerpted from Methods 
for Chemical Analysis of Water and Wastes, 
1979, Environmental Protection Agency, 
Office of Water Programs, Analytical Quality 
Control Laboratory. 

B The procedure is applicable to surface and 
saline waters^ypomesticand Industrial wastes. 

C The practical range of the determination is * 
10-20,000 mg/L. ^ 

D Nonh&mogenuua materials (large floating 

particles or submerged agglomerates) should 
* be excluded from the sample. Floating grease 
and oil should be included in the sample and 
dispersed in a blender before measuring the 
aliquot. 

E Sam pies' sho^d be analyzed as soon as 
possible. ' 



~* 11 EQUIPMENT 

A Porcelain, yycor. or platinum evaporating 
dishes, 100 -\J50 ml capacity; smaller 
antes may be uded as required. 

B Muffle furnace, 550- 50°C 
C Drying oven, 103 - 105°C 
D s Desiccator 
•E Analytical balance 

■ \ 

F Steam bath or Oven at 98* C 
G Graduated cylinder. 100 ml 

IE PROCEDURE 

CAUTION- Fingerprints on the dish can 
result in weighing errors* 
.Use tongs or a tissue to 
handle the dish throughout the 
procedure. 

gc. tab. 16b. Ill 80 \ 
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A Heat the clean evaporating dish in a muffle 
furnace at 550 - 50 # C for 1 hour, ' 

A 

■ « V 

B Cool the dish in a desiccator. 

C Store the dish in the desiccator and weigh 
just before use, 

D Weigh the dish on an analytical balance. 
(Use tongs or tissue to handle the dish). 

E Shake the sample container vigorously. 

F Measure^lOO ml' of the well-mixed sample 
- ( in a graduated cylinder. (At least 25 rpg 
of residue should be obtained; less volume 
of sample may be used if the sample appears 
to be high in solids content. If it is low in 
solids content, more sample may be added 
to the disli after drying the first aliquot). 

G Rapidly, but without spilling, pour the 
samplelrito-the evaporating dish. 

H Rinse the cylinder with 10-15 ml distilled 
water, adding the rinse to the dish. 

I Dry the sample on a steam bath, or at 98*Cv 
(to prever^ boiling and splattering) in the 
oven. 

J Dry the evaporated sample in the oven at 
103 - 105 # C for at least one hour. 

k m 

K Cool the dish in the desiccator and then 
we^h it. (Use tongs or tissue to handle the 

L Repeat the heating at 103 - 105 # C, cooling 
and weighing until the weight loss is less 
than 4% of the previous weight or O.'B mg, 
whichever Is less. 



Outline is continued on 

NEXT PAGE 
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IV CALCULATIONS 

xng total solids/L* (wt dish + residue)* — 
* (wt dish)* x 1000 x 1000 
ml of sample 

* in grams 

This outline was prepared by C. R. Feldmann, 
Chemist, National' Training and Operational 
Technology Center* OWPO, USEPA. 
Cincinnati, Ohio 45268* 

Descriptors' Analytical Techniques, Chemical 
Analysis, Laboratory Teats, Solids, Water 
Analysis 



t 
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LABORATORY PROCEDURE FOR SUSPEND. 




I INTRODUCTION 

> 

A This procedure was excerpted from Methods 
tfor Chemical Analysis of Water. and Wastes, 
1979, Environmental Protection Ageneyt 
Methods Development and Quality Assurance 
Laboratory. + 

B The procedure is applicable to surface and 
saline waters, domestic and industrial 
wastes. 

C The practical range of the determination 
is 10 * 20000 <xng/L. 

p All nonhomogenous particulates (such as 
leaves, stictfs, fish and lumps of fecal 
matter) should he excluded from the sample* 

E Sample preservation is not practical, the 
analysis should be done as soon as possible. 

II EQUIPMENT ' 

A Glass fib^r filter discs, 4.7 cm or 2. 2 cm, 
without organic binder. GelmanA/E, 
Millipore AF-40, Reeves Angel 934-AH. 
or equivalent. 

B Membrane filter funnel (for use with the 
4. 7 cm disc), or a 25 ml Gooch crucible 
(for use with the 2. 2 cm disc) and crucible 
adapter. - . 

C Planchet td support filUr disc during drying 

D Graduated cylinders, 25 ml and 100 ml ^ 

E 500 ml suction flask with hos«e and pinch 
clamp , 

F Drying oven. 103 - 105*C \ 

G. Desiccator 



ON-FILTERA N BLE) SOLipS. 

in result in weighing errors. 

Use tongs or a tissue to handle It. 
* • • 

A Assemble the filtering apparatus"ind suction 
flask (either the 2.2 cm disc, Gooch crucible 
and adapter* or the 4.7 cm disc and membrane 
filter funnel). 

B App(y suction to tt}£ flask anS* wash the 
disc with three successive 20 ml portions 
of distilled water. 

C Continue the suction until all water has * 
^ passed through the disc. 

D Remove the Gooch crucible plus 2. 2 cm 
disc, wipe the outside thoroughly, and dry 
in the ,oven at 103 - 105°C for one hour,- or. 

E Remove the 4.7 cm disc from the membrane 
filter funnel onto a planchet and dry in the 
oven at 103 - 105 °C for one hour. In D or E 
if the disc is not to be used immediately, ^ - 
store it in the desiccator. 

fT Close to the time of use, weigh the 4.7 cm 
J disc or 2*2 cm disc plus Gooch crucible. 
(Use tongs or tissue to handle the crucible).' 
Repeat the drying cy6le until a constant - 
weight is obtained. % See "Note" on next pag£.) 



i 



H Analytical balance! 200 g capacity* capability 
of weighing" to 0. 1 mg 



III PROCEDURE 

CAUTION:* Fingerprints on ther' Gooch 
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G Assemble the filtering apparatus. 
H Apply suction to the flask. 



I Wet the filter disc. 

J Shake the sample container vigorously. 

K Measure 100 ml of the well mixed sample 
in a 100 ml gradu^tetiLcylinder. (If the 
sample appears to be low in solids, a * 
larger volume may be used). 

L Rapidly, but without spilling, pour the 
sample into the funnel or crucible. 

M Continue the suction until all of the water 
has passed through the disc. * , 

N Use about ,10 ml of distilled water to rinse 
the graduated cylinder into the filter funnel., 

* > 
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Laboratory Procedure For Suspended (Non-Filtera ble) SoUds 



Note. 



Drying to constant weight refers to 
the process of. 

« « 

1) Drying the disc (or disc plus 
crucible) at 103 • 105'C 

2) cooling in the desiccator , 

3) weighing 

4) ' repeating steps 1), 2), and 3). 
If there Is no (difference in the two 
final weights, rthe disc,(or disc plus 
crucible) has been dried to constant 

. weight. Weights that agree within 
0. 5 rng are acceptable. In practice 
the* initial drying period is sometimes 
/ ^extended to several houfs to ensure 



O Rins* the filter funnel wails with distilled 
yvater^ 

\ 

P Rinae tKe solicjs with distilled water. 

Q Remove ^11 traces^f water by continuing 
to apply vacuum. 

R Remove the 4. 7 cm disc from tte funnel, 
place it on a planchet {or watch glass), 
and dry in the oven at 103 - 105'C to 
to constant weight* or 

S Remove the Gooch crucible plus 2. 2 cm 
disc and dry in the oven at 103 • 105 *C to 
constant weight. (Use tongs or a tissu$ 
to handle* the urticible). ' . 

IV CALCULATIONS 

mgjionfilterable (suspended) solids/^ . * 

(wt of 4. 7 cm disc + residue)* - (wt of 4.7 cm disc)* x 1000 x 1000 

ml of sample filter eti 

or 

* 

(wt of 2, 2 cm disc ♦ Gooch crucible +' residue)* - (wt of 2. 2 cm disc +' Gooch cruclble)»x 1Q00 x 1000 

ml of sample filtered " 

♦in grams 



complete drying. 



REFERENCE * '/ 

1. Methods for Chemical Analysis of 
' V(at4r and Wastes, 1979, U.S: T2PA, 
MDQARL. Cincinnati* Ohio 45268, 



% v This outline was prepared by C, R. 

Feldmann, Chetaiat* National Training 
and Operational Technology Center, \ 

S and revised by Audrey D. Kroner, Chemist, 

National Training & Operational Technology m - 
Center, OWPO, USERA # , Cincinnati, Ohio 45268, 

Descriptors: Analytical Technique a« Chemical 
Analysis Laboratory Testa, Solids, Water 
Analysis 
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Laboratory Procedure For Suspended (Noifr-Fllterablergqlidfl 



\ 
u 



A)' 



>i ■ • vUboritory Otti Shett ' 

#TAL SUSPENOEO <NON*FILTEPMU) SOLIDS, *?/11ter 
feme of PUnt . A ' 



V 



STfP 


suspe)©£0 S0L10S 


SAMPLE 


SAMPLE V J 


-f SAMPLE 




t 


Identification t , 




\ 


j2« ■ . 


1 




■yp* (grab, etc.) 






GfiAB' 


2 




fete ft Tine Collected 




K — 




5/1/74 0900* 


3 




Sao pie Collector 






Ton Sampler 


4 




Filter Unification ' . 


< 

: fr^— 




WG2 


s 




Oate ft. Time Analysis ba^m 






5/1/74 1100 


6 




■1 Simple Filtered 






67*.0 


7 




1st weight of Ell to* 
cplus Residue (g^ 




<< 


0.1426 


8 




2nd weight of Filter* 
plus Residue (g) 


■ : t- 




0.1416 


9 




01 ff erence (1st-2nd) 






0.0010 ' 


10 




3rd welght'of Filter* 
j>1us Residue (g) 


5 




0.1413 


* 




Olfference (2nd.-3rd) 






0.0003 


12 




final weight of Filter* 
p1u* Residue (g) 






0.1413 






Weight of filter* (g) 


«*- 




0.1293 *f 






Find Olfference (g) by subtracting 
Line 14 from Line 13 






0.0120 




/ 


01 vide to 7 declna! places: 
(line 7 15) difference (q) " 
(line 7) olWIe attired 






0.0001791 


16 


> 


Multiply Line 16 by 1OQ0 000 j 
(move decimal f po1nt-6 pJaces Rt.) 


1 




179.1 


17 




, Round ansfcer on Line 17 - 
to nearest w^ole number 


I 

i 




tf9 og/1 


18 




Analyst 


> 




MaryAr^lysfy 


19 




crucibles art i/se<f^f liter* means the crucible containing a v filter disc. 



v 



. * 



o 
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CALIBRATION AND USE OF A TURBIDIMETER (NEPHELOMETER) 



(1) 



I REAGENTS 



A Turbidity - free water - Pass distilled 
water through a 0.45 u hi pore size 

* membrane filter if such filtered water 
show 8 a lower turbidity than the Original 
distilled water. 

B Stoclj Turbidity Suspension - 400,$J£ts' 

1 1 Directions are for preparing 100. 0 ml. 
Larger volumes may be required, 

2 Solution* 1- Dissolve l.OOg hydrazine 
sulfate, (NH 2 ) 2 * H 2 S0 4 , In turbidity 

free water and dilute to 100ml in a < 
volumetric flask. * 

3 Solution 2; Dissolve 10. OOg 
hexhmethylenetetrajmine in turbidity- 
free water and dilute to 100ml in a 
volumetric flask. 

4 Suspension: Mix 5". 0ml Solution 1 
with 5.0ml Solution 2 in a 100 ml 
volumetric flask. Allow to stand for 
24 Jtoiirs at 25 + 3°C. Dilute t&the 
mark and m;x. 

5 Stability; Prepare a new stock 
suspension eaclTmonth* 

C Standard Turbidity Suspension - 40 units 

1" Dilute 10.00ml stock turbidity ^ 
suspension to 100ml with turbidity 
free water in a 100 ml volumetric flask. 
The turbidity is defined $s 40 units. 

t 

* 2 Stability: Prepaf e a new standard 

suspension each week. 



D l>Uii&e Standard Turbidity Suspension 
4 units ^ — 



1 Dilute 1.0 ml stock turbidity 

Suspension to 100 ml with^turbidlty* 
-free water In a 100 ml volumetric 

4 flask. The turbidity should be 4 units, 

: / ■ "j / . 



v 

2 Stability- Prepare a new standard 
suspension each week*. 

E Secondary Standards 

1 Solutions standardized with Formazin 
can be purchased from; the manufacturer 
of the instrument. 

2 Date such solutions. Store under the 
conditions specified. Discard and 
replace when flocculation in the 
solution is observed or when it fails 

a periodic check with a Formazin Standard. 

(2)(3) 

II PREPARATIONS FOR MEASUREMENTS 

* * 
A Suspensions * -— 

1 Check date of preparation and pre-^ 
pare fresh solutions if required. 



(5) 

B Sample Cell 

1 Cells should be cleaned immediately 
after us^e as described in V. B. below. 

» * 

2 inspect £%}|s for cleanliness. If 
necessary^ clean them using V. B. below. 

3 Check cells for scratches and,etching< « 
Discard those with imperfections/' 

C Instrument s 

1 Scale - If a,scale % is"inserted, chedff * 
that it is in the correct position. If ' 
the. scale Is blank, construct /gj^ 
calibration scale for each ranger on 
the 'instrument. (£>ee III B). 

* 

2 Zero - Adjust meter needle to zero 

point on scale as directed JbyWnahufactuer. 
v * .' * % 

3 Lens ^-'"Chefcic Jor cleanness. * If required, 
m follow 'rnanijfecturer's instructions for * 

^^/i^movtiTg *nd planing tne lens. 

Accurate re-positioning of the lens is ' 
critical for accurate measurements. , * 
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Calibration and Use of a Turbidimeter (Nephelometer) 



4 Warm*Up Period - Follow 
manufacturer's instructions. 
Continuous running is often suggested 
because of the photomultiplieV tubes. 

r 

5 Focus - Use template or method 
described by manufacturer to .check 
and* if necessary, set the focus. 

D Determine Range of Sample Turbidity 
* 

, 1 Use steps 5 through 16 in 111 A below 
EXCEPT Step 12 which should be* 
Obtain a turbidfty reading from the 
scale. 1 ■ 

2 Note which flange (instrument scale) 
best ''brackets" the turbidity of each 

% sample. 

3 If the turbidity of*a sample exceeds 
40 units, use the higher scales pro- i 
vided to determine the dilution required 

*so the final reading will be below 
40 units. For final measurements, use 
the Range (Scale) appropriate for the 
£ diluted sample. 




HI INSTRUMENT CALIBRATION AND 
MEASUREMENTS 01 * 

A Pre-Calibrated Scale * v 

1 Each w^ek, prepare at least one 
standard for^the required instrument 
range <s> (as determined in II. D. above 
b£ diluting one of the Formazin 
suspensions described above in I, Re 
The table below gives "EXAMPLE 
DILUTIONS 11 . " 



2 Set the instrument RANGE knob at 
ttfe first range to be tested. (The 
instrument should be ON, warmed up, 
zeroed, etc. * as in II C aboveL 

3 NJake &ny instrument adjustment specified 
by the manufacturer to use thus RANGE. 

4 Rinse the SAMPLE CELL 2 times with 
the appropriate suspension (or sample), 

5 Shake ffie suspension to thoroughly 
disperse the sohds. (For secondary 
standards, check the manufacturer's 
instructions for this step). 



EXAMPLE DILUTIONS 



NO^ 


P ! 

EXAMPLE 
INSTRUMENT* 
RANGES / 


VOLUME 


j 

TURBIDITY * 
STANDARD 


FINAL 
DILUTION 


t 

FINAL 
TURBIDITY 


1 


• 0 * 0. 1 


2. 5 ml 


4 unit 


100.0 ml - 


0.1 ( * 


2 


0 - 0. 2 


5.0 ml 


4 unit 


100. 0 ml 


0.2 


3 


♦0 -,0 r 3 


7.5 ml 


4 unit 


100. Oml 


0.3 

• 


4 


0*1' 


2.5 ml 


40 unit 


100.0 ml 


* 1 


5 


0*3 


,7.5 ml . 1 


40 unit 


100.0 ml 


— \ 


6 , 


0-10 


25.0 ml 


^0 unit 


100.0 ml 


1 10 * 


7 


0-30 


7. 5 ml . 


40tfunit - 


100.0 ml \ 


'30 


8 


0 -.100 


2 5 ml 


400 unit 


100.0 ml ' 


100 , 


9- 


0 - 30.0 , 


75 ml 


400 J janit 


100. Of ml 


300 


10 


0 - 400 


100 ml 


400 unit 


100.0 ml 


400 


11 


0 - 1000 


100 ml 


400 unit 


100. P ml ' 


* 400 



9 
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Calibration and Use of a Turbidimeter (Nephglometer) 



WAit until air bubbles disappear in 
the suspension. 

I 

Pour the suspension mto the 
SAMPLE CELL up to the level m 
specified by the manufacturer. 
CAUTION: Always hold the cell 
above the area from which light 
scattering is measured. 



8 If applicable, screw cap on cell* 



■4T 
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9 Wipe the outside of the cell with a 
lint-free tissue* 

10 Examine the suspension in the cell 
to check tfc air%ibbles. If air 
bubbles ar& present* eliminate 
them- / 

a by insfert^ng the cell in the sampl< 
holder and waiting a few minutes 
so bubb}es ^ise above photo* 
multiplier tube* CAUTION: More 
bubbles can fqjrm if a temperature 
rise occu^ ^ 
♦ 

b by holding the cell at the top and; 

■ 1 flicking side with your finger or 
\ 

2 dipping the end of the cell into an 
ultrasonic cleaning bath or 

3 centrifuging the filled cell 'in 
cups with rubber cushions and 
surrounded with water* ^ 

4 NOTE: After any of these 
. " ■ remedies* again wipe the ' 

outside of the cpll* When air 
* bubbles are gone, insert thg. 

- • cell in sample holder.* 

11 Place the LIGHT SHIELD according to 
the manufacturer's/instruction, 

U2 \Jbc the STANDARDIZING control to 
obtain a meter jreading corresponding 
to the turbidity of the standard 1 
Suspension. / 

13. Remove the LIGHT SHIELD. - * \ 



14 - Remove the SAMPLE'CELL. 

15- Discard the standard suspension. 

16 Rinse SAMPLE CELL 2 times with 
. turbidity - free water." 

» 

17 Use Steps 4 through 11 for each 
sample (or diluted sample) to be 
tested in this range. For samples/ 
step 12 should be : Record the 
turbidity reading for the sample. 
Then do Steps 13 through 16 as 
above* 

NOTE: The final reading for Samples 
should not exceed 40 ( NTU. If this 
reVding is exceeded for a sample, 
dilute it ^nd repeat the calibration/ 
measurement procedure above using 
the appropriate range and standard* 
* (Selection of the, range as described 
in II* D. above should make this 
unnecessary at this stage of the 
procedure)* 

B Non-Calibrated Scalc^ 

Prepare a series of standards and 
make a calibration scale for eacrf 
ran?e of the instrument.* 

a The instilment should be ON. - 
warmed up, zeroed, etc* • as 
4 in II C above* % , 

b Prepare enough standards to* 
give several points on each 
scale so estimated readings can 
' - be reasonably accurate* 

the table of EXAMPLE 
iUTIONS in III A 4bo*e tb 
prepare the highest standard 
for each instrument range. 
The rest of each calibrating 
series can also be prepared 
by dilutions based on the in- 
formation in the lablc. 
* V 

Self-prepared scales should also 
be calibrated* each day using the 
procedure given in III A above for 
pre-calibrated scales* 
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Calibration and Use of a Turbidimeter (Nephelometer) 



1 



V 

3 Self-prepared scales are used for 
samples in the manner described in '' 
III A above for pr£-calibrated scales. 
. * 

IV CALCULATION/ RESULTS'^ 

\ 

A Diluted Samples 

Multiply final sample readings by the 
" appropriate dilution factor, 

B Reporting Results 

Report results as follows^ 

NTU ■ % Report to Nearest: 



C Precision and Accuracy ■ | 

1 In a single laboratory (MDQARL)* 
using surface water sarnpUs kt 
levels of 26, 41, 75 and 180 NTU, 
the standard deviations were £ 0; 60, 
+ 0.94* + 1, 2 and +,4.7 units,"" 
* respectively^ 

? Accuracy da]ta is not available at this 
time* 



y STORAGE 

A Standard Suspensions \ 

. 1 Storq -in glass containers at room 
^ temperature* 

2 Excess light or heat may affect 
. stability, 

o ■ r 



I G'J 



3 Observfe stability times noted for 
each in I . above. 

# Sample Cells 

1 Discard cells with scratches or 
etching, ^ 

2 Clean cells immediately aft'er V&e, 
with this order of treatments 



Q.O - 1.0 

■ * 




0.05' 




1 - 10 




0. 1 




10-40 


« 


1 




40 - 100 




5 , 


C 


100 - 400 




10 




400 - 1000 




^50 




^1000 




100 





a 

• b 

c 
d 



detergent 

organic solvents* if required 

deionized wafl^r 

alcohol* or acetone rinses to 
dry 

lint-free tissue* If' required 



3 Store in a manner to protect the 
cells from scratches. 

Instrument 

1 A line operated instrument should 
be permanently located so moving 
it often is not necessary, t 

2 Turbidimeters should be protected 

1 from dust* especially the lens system. 

3 Store any removable parts as 
directed by manufacturer. • 

4 Close any access doors. * 

5 Because of the photom^ltipher tubes, 
the manufacturer may suggest con- 
tiguous running of the instrument to 
insure maximum accuracy for mea- 
surements. Frequency of use can * $ 
determine the actual routine (or warm-up 
time. 

6 Follow any other fctorage^dfrections 

in the manufacturer's manual. s 



Calibration. and Use of a Turbidimeter (Nephelometer) 



REFERENCES 

1 Methods for Chemical Analysis of 

Water and Wastes;- EPA-EMSL 
Cincinnati, Ohio 45268, 1979, 

2 LaboratorJ Turbidimeter, Model 2100A, 

Hach Chemical Co., Am'es, Iowa, 
1973. 



P 



This outline was prepared by Audrey D. 
Kroner, Chemist, National Training and 
Operational Technology Center, 
OWPO, USEPA, Cincinnati, Ohio 45268. 



3, 'Turbidimeters, Information Circular 
No, 37 3A, Fisher Scientific 
Company, Pittsburgh, PA 

4 Handbook for Analytical Quality * 

Control, EPA-EMSL, Cincinnati, 
Ohio 45268, 1979. _ 

. 

5 The orientation of the sample cell should 

be identical each time it is placed in 
the instrument. Mark the cell and 
Instrument to ensure that the cell is 
« # orienteo consistently. Use the same 
cell throughout the procedure. 



Descriptors* Analytical Techniques, 
Laboratory Tests, Turbidity 
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CALIBRATION AND USE OF A CONDUCTIVITY METER 



I" EQUIPMENT AND REAGENTS 

^ A Equipment > 
> 

* 

1 Solu Bridge conductivity meters 

2 Probes 

♦ 

a Cell VS02 
b' OeU VS2 
^ c Cell VS20 

J* 

3 Thermometers . « 

4 400 ml beakers 
B Reagents 

it 

1* Standard KC1 solutions 

Normality of Specific Conductance 
KC1 Solution mlcromhos/cm, * 



< 



0.0001 
0.001 
0.01 
0.1 



Z Distilled water 



14.9 
,147.0 
X413.0 
12*00*0 



II CHECKING THE INSTRUMENT 

A The measurement of specific conductivity 
as presented in sections II and III is 
written for one type of conductivity meter 
and pro£e» 

B A battery check is made by depressing 
the Battery Check switch, and at-the 
same time pressing the on- off button. 
The metier needle should deflect to the 
right (positive) and. come to rest in the „ 
green zone, 

C Place a 10, 000 ohm resistor in the holes 
of the electrical contacts on the meter. 
Turn tfTe temperature" Jcnob to read 25^C. 
Depress the on-off buttori ^nfi bring the 
meter needle to a readin^'bf -0 >by 

, " ► * 

9^>CH,COND^b.3G IL80 * ' ^ 



turning the specific conductance switch. 
The specific conductance reading should 
be approximately 200 micromhos/cm. 



HI DETERMINATION OF THE CALIBRATION 
CONSTANT 

A Determine the temperature of the 
standard KC1 solutions and move the 
temperature knob to that value. 



B 



Connect probe Cell VS02 to the con- 
ductivity meter 

Rinse the probe in the beaker of 
distilled water, wipe the excess water 
with a kimwipe and place probe in the 
first beater of KC1 solution (0,0001 N). 

Make certain the cell is submerged to 
a point at least 1/2 inch above the air 
hole and that no entrapped air remains. 
The cell should also^be at least 1/2 
inch from the inside walls of the flask. 

Press and hold down the ON-OFF/ 
button, simultaneously rotating the main 
scale knob until the meter reads zero. 
Release the buttog, (If the meter needle 
remains off scale or cannot be nulled, 
discontinue testing in that solution.) 

Record the scale reading in Table 1 and 
proceeaTJN^Cl solutions 0, 001N, 
0,01N, 0, 1 NWng Steps C, Dand E. 




H 



Repeat steps G-*Krpugh F using the VS2, 
then the VS20 probe. 

Compute the cell calibration constant -a 

factor by which scale readings must be 

multiplied to compute specific conductance; 

K » cM 
BP, 

where K « actual specific conductance, 
c * calibration constant 
M« rfteter reading 4% 

(continued next page) 
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C al Aratton and l/se of a Conductivity Meter 



ReltUve 

* t CeU Conductivity KUvlmam r&A{e Mott »c curat* r*nje 

Number Value * micromho»/cm micro mho»/cm 

CeU VSOI 1 0-50 2 - SO 

CtVL VS2 10 #0-500 20 - 300 

C«ll VSZO 100 0 - 5000 200 • 3000 



TAHLE I TMTA FOH 


CA LIDRATION CONSTANTS 








Probe 


>ellVS02\^ 


Cell VS2 


CelA'S 

A 




KC1 
5o!utloo« 


0.GQ01N 




0.0 iU 


0. IN 


0.DOOIN 


0.00IN 


OtOlN 




0,000 IN 




Q.01N 


0 IN 


Te»t 1 
1 


























Cell i 
ContUni 












* 















For each cell, calculate the <fell constant 
by using the meter reading closest to the 
400 - 6Q0 range. The known specific 
conductance for the corresponding KCl 
solution can be found in IB Reagents 
the cell constants on Table I. 



Record 



IV DETERMINATION OF K sp FOR SAMPLES 

Obtain meter readings, M, for samples 
A, B and C using Section III C, D and E. 
Record M in Table 2. See Table I for 
*the appropriate cell constant, c, to 
calculate Kg- for each sample where 
K * cM. Record results in Table 2. 



V EPA METHODOLOGY 

The current EPA Manual* ^ specifies 
using the procedures found in References 
2 and 3„ Thesb procedures have been 
adapted for this laboratory session/tfnd 
all are approved in 40CFRI36 for I^PDES 
report purposes* * 
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TABLE 2. SPECIFIC CONDUCTIVITY TESTS 
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Sampl* 


4 A 


B 




C 




Probe 


C*ll 

. VS02 


c«u 

VS3 


CfU 

VS20 


Cell 
VS02 


VS3 


VS20 


VS02 


QtU 

V32 


VS20 


4 

1 






















ft 






































dell 
Centrum 
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LABORATORY SAFETY PRACTICES 



INTRODUCTION 

Safe Use, Handling and Storage of Chemicals 

1 Chemicals in any form can be safely 
stored, handled, and used if their 
hazardous -physical and chemical 
properties are fully understood and the 
necessary precautions, 'including the 
usf of proper safeguards an^ personal 
protective equipment are observed- 

2 The management of every unit within a 
manufacturing establishment must give 
wholehearted support to a well integrated 
safety policy. 



B General Rules for Laboratory Safety^ 

1 Supervisory personnel should think 
"safety. " Their attitude toward fire 

and safety standard practices is reflected 
in the behavior of their entire staff. 

2 A safety program is only as strong as 
the worker's will to do the correct 
things at the rigtt\tirne. 

3 The fundamental weakness of most 
safety programs lies in too much lip 
service Xo safety rules and not enough 
action In putting theih into practice* 

4 Safety practices should be practical and ' 
enforceable. * i 

5 Accident prevention is based on certain 
common standards of education, training 
of pers^hnel and provlsjpn-of safeguards 
against accidents., 



U LABORATORY DESICN AND EQUIPMENT 



A -Type^of Constructior^" ' 
>r J< 



1 Ff 



resistant or rioncombustible 



B 



% Stairways enclos£d-with brick or 
concrete walls 

4 Laboratories should have adequate exit 
doors to permit quick, safe escape in 
an emergency and to pr^t-ect the 
occupants from fires or accidents m 
adjoining rodms. Each room should be 
checked to make sure there is no 

, chapce^of a person -being trapped by 
fire, explosions* or r'elease of dangerous 
gases. ( 

5 Laboratory rooms in wjuch most of the 
work is carried out with flammable 
liquids or gases- should be provided 
with explosion-venting windows. 

4 

Arrangement of Furniture and Equipment 



* 2 Multiple story buildings/should have 
adequate means of exit; * 



1 Furniture should be arranged for 
maximum utilization of available space 
and should provide working conditions 
that are efficient acid safe* 

2 Aisles between benches Should be at 
least 4 feet wide to provide adequate 
coom for passage of personnel and 

^ equipment, 0 

3 Desks should be isolated from benches 
or adequately protected. 

4 Every* laboratory should have an eye- 
wash station and a safety shower. 

G Hoods and Ventilation 

1 A<equate hood facilities should be 

" installed where work with highly toxic 
or highly flammable materials are used. 
■ . . 

2 Hoods should be ventilated separately 
and the exhaust should be.termlnated 
at a safe distance from the building. 

•* • . 

3 Make-up air should be supplied to 
rooms or to hoods "to replace the y 
quantity of air exhausted through the 
hoods. 



^ SA.tob. l, fl.77 
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Laboratory Safety Practices 



4 Hood ventilatipn systems are best 
designed to have an air flow of not tess 

•than 60 linear feet per minute across 
the face of the hood, with. all doors open 
' and 150, if toxic materials are involved. 

i 

5 Lxhaust fans should be spark-proof if 
exhausting flammable vapors and 
corrosive resistant if handling corrosive 
fumes, ^ 

6 Controls for ali services should be 
located at the front of the»hood and 
should be operabie when the hood door 
is closed. * 

7 AU laboratory ro oms should have the 
air changed continuously at a rate 
depending on the materials being 

,g handled. 

D Electrical Services 

1 Elect rical outlets should be placed 
outside of hoods to afford easy access 
and thus protect them from spills and" 
corrosion by gases, 

2 Noninterchangeable plugs should be 
provided for multiple electrical services. 

3 Adequate outlets should be provided and 
should be of the^lhree-pole type to 
provide for adequate grounding." * 



E Storage 



1 



Laboratories should provide for adequate 
storage space for mechanical equipment 
and glassware whlgh will be used 
regularly. 

Flammable solvents should not be stored 
i? glass bottles over one liter in size. 
Large quantities should be stored in 
metal safety* cans- Quantities requiring 
containers larger than one gallon should 
be stored outside the laboratory. 

Explosion proof refrigerators should be 
used for the storage of highly volatile 
and flammable solvents. 



. 4 Cylinders of compressed or liquified 
gases should not be stored m the 
laboratory. 

P Housekeeping * 

1 Housekeeping plays an important role 
m reducing the frequency of laboratory 
accidents. Rooms should be kept in a, 
neat orderly condition. Floors, shelves, 
and tables should be kept free from 

dirt and from all apparatus and chemi- 
cals not m use* ' 

2 A cluttered laboratory is a dangerous 
place to work. Maintenance of a clean 
and orderly work space is indicative of 
interest, personal pride, k and safety- 
mindedrress. 

3 Passageways should.be kept clear to all 
building exits and stairways, 

A Metal c^ntam^rs should be provided Jor 
the disposal of broken glassware and 
should be" properly labeled, 

5 Separate approved waste disposal cans, 
4 should be provided for the disposal of 

I waste chemicals. >u 

• * * 

6 flammable liquids not miscible'with 
wat,er and corrosive materials, or 
compounds which are likely to give off 
toxic vapors^ should nev<*r be poured 
into the sink, 

G Fire Protection 

1 Laboratory personnel should tfe 

adequately trained regarding pertihent 
fire hazards associated with their work. 



I 



Personnel should know rules of fire 
prevention and methods of combating 
fires. v 

Fire extinguishers (CO^ type) should 
be provided at convenient locations and 
personnel should be instructed in their 
u3e. 

Automatic sprinkler systems are 
effective for the control of fires in 
Chemical laboratories. 

74 



<i i 
ERIC 



rr-. 



Laboratory Safety Practices 



H Alarms 

1 An approved fire alarm system should 
be provided. 

2 Wherever a hazard of accidental release 
of toxic gases exists, a gas alarm 
system to warn occupants to evacuate 
the building should be provided* 

3 Gas masks of oxygen or compressed air i 
type should be located near exits and 
selected personnel trained to use. them* 



III HANDLING GLASSWARE 

A Receiving, Inspection and Storage 
p 

1 Packages containing glassware should , 
be opened and inspected for cracked or 
nicked pieces, pieces with flaws that 
may become cracked in use, and badly 
shaped pieces* 

2 Glassware phould be stored on well- 
lighted stockroom shelves designed and 

f having a coping of sufficient height 
around the edges to pf event the pieces 
from fa)ling off. 

B Laboratory Practice* . ( 

i Select glassware that is designed for the 
type of work planned/ • , \ " 

\ - - 

% 2 To cut glass tubing or a rod, make a 
straight clean cut with a cutter or file 
*"at the point where the piece is to be 
severed. 9 Place a towel over the piece 
to protect the hands and fingers, then 
break away from the body. 

3 Large size tubing is cut means of a 
heated nichrome wire loQped around the 
piece at the point of severance* 

4 When it is necessary to insert a piece 
bf glass tubing or a rodjth rough a 
perf p ra t cd- rtibEe r or cork stopper, 
street the correct bore so that the , * 
insertion can be made without excessive 
strain* 



5 Use electric mantels for heating 
distillation apparatus, etc, 

6 To remove glass splinters, use a, 
whisk broom and a dustpan* Very 
small pieces can be picked up with a 
large piece of wet cotton. f fc 



IV GASES AND FLAMMABLE SOLVENTS 

A Gas Cylinders 

1 Large cylinders must be securely 
fastened so tha£ they cannot be dis- 

1 lodged or tippech^n any direction. 

2 Connections, gauges, regulators or 
fitting^ used with other cylinders must 
not be interchanged with oxygen 
cylinder fittings because of the possi- 
bility of fire or explosior^from a 
reaction between oxygen and residual 
oil in the fitting. 

* 

3 Return empty cylinders promptly with 
protective caps "replaced. > 

ET Flammable Solvents ' 

1 Store in designated areas well 
ventilated* 

2 Flash point oFa liquid is the temperature 
at which it gives off vapor sufficient to 
form # an ignitible mixtuirtf with the air 
near the surface of the liquid or within 
the vessel used. 

3 Ignition temperature of a substance is 
the minimum temperature required to 
initiate or cause self-sustained com- ^ 
bustion independently of the heating or 
heated element. * 

4 Explosive or flammable limits . For 
most flammable liquids, gases and 
solids there is a minimum concentration 
of vapor in air or oxygen below Avhich 
propagation of flame does not occur on 
contact -with a. source of Ignition* 
There is also a maximum proportion of 
vapor or gas in air above which 

to 
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propagation of flame does not occur. 
These limit mixtures of vapor or gas 
w*th air, which if ignited will just 
propagate flame, are known as the 
H lower and higher explosive or flammable 
limits." 

Explosive Range . The ditfer^nce 
between the low^r and higher explosive 
or flammable limits, expressed in 
terms of percentage of vapor or gas in 
air by volume is known as the "explosive 
range." ♦ 

Vapor Density is the relativ<r<tensity 
of the vapor as compared with air. 

£ \ 

Underwriter's Laboratories Classification 
is a standard classification for grading 
the relative hazard of the various 
flammable liquids. This classification-^ 
is based on the following scale. 



Ether Class 100 

Gasoline Class .\90 - 100 

AlpQhpl (ethyl) Class* . . . 60 * 70 

Kerosene Class 30 - 40 

Paraffin Oil Class 10 - 20 

8 ^Extinguishing agents 

V CHEMICA L HAZARDS 
»A Acids and Alkalies, 

1 Some of the ihost hazardous chemi^Jkls. 
are the "strong 1 ' or "mineral 11 acids 
such as hydrochloric, hydrofluoric, 
sulfuric and nitric. N 

2 Organic acids are less hazardous 
because of their comparatively low 
ionization potentials. However, such 
acids as ptfenol (carbolic acid), 
hydrocyanic and oxalic are extremely 
hazardous because of their toxic 
properties. „ 

3 Classification of >cids 

i 



B Oxidizing Materials 

, 1 Such oxidizing agents as chlorates, 

peroxides, perchlorates and perchloric 
acid, in contact with organic matter 
can cause explosions and fire. 

2 £hey are exothermic and decompose 

/ rapidly, liberating oxygen whichireacts 
frith organic compounds. 

* 

3 Typical hazardous oxidizing agents are, 

it 

Chlorine Dioxide 
• Sodium Chlorate 

Potassium Chromate » 
, ' Chromium Trioxide 
Perchloric Acid 

C Explosive Power 

1 Many chemicals are explosive or form 
compounds that are explosive and 
should be treated accordingly. 

* 2 A few of the more common examples 
^SXAx\As class of hazardous materials are. 

Acetylides 
Silver Fylminate 
Peroxides 
Peracetic Acid 
Nitroglycerine 
Picric Acid 
Chlorine and Ethylene 
Sodium Metal » 
Calcium Carbide* 

* $ ' u 

D, Toxicity • 

1 Laboratory chemicals ^nproperly 
gtored or handled can cafu^e injury to v 
personnel by virtue of- their toxicity. 

2 Types pf exposure : .There are four 
- types 6f exposure Jto chemicals: 

a Contact with the skin and eyes 
* « 

b Inhalation 

c Swallowing n 

d Injection . 
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1 PRECAUTIONARY MEASURES 

A Clothing and Personal Protective Equipment 

1 piemicai laboratories should have 
special protective clothing and equipment 
readily available for emergency use and 
for secondary protection of personnel 
working with hazardous materials, 

2 Equipment should be provided for adequate. 

a Eye protection , 

b Body protection 

c Respiratory protection 

d Foot protection 9 

e Hand protection \ 

B Bodily Injury 

1 Bums, eye injuries, and poisoning are 
the injuries with which laboratory * 
people must be most concerned. 



First emphasis in the laboratory 
should be on preventing accident^*' ' 
This means observing all recognized 
safe practices using necessary personal 
protective equipxfrent and exercising 
proper control over poisonous sub- 
Stanc^s^at^the source of exposur^ « 

So that a physician can be summoned 
promptly, every laboratory should have 
posted the names, telephone numbers, 
and addresses of doctors to be called 
in an emergency requiring medical care. 
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Guide for Safety m the Chemical Laboratory, 
the General Safety Committee of the 
Manufacturing Chemists As sociation. Inc., 
Van Nostrand, New Y6rk (^954). 
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